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ANALYSIS OF STATIC PRESSURE DATA

FROM 1/12-SCALE MODEL OF THE YF-12A

VOLUME Ill - THE MARK IVS SUPERSONIC-HYPERSONIC
ARBITRARY-BODY PROGRAM - USERS MANUAL

By D.N. Smyth and H.C. Loo

SECTION I. INTRODUCTION

The computer program described in this manual is identified as the MARK IVS

Mod 0 version of the Supersonic-Hypersonic Arbitrary Body Computer Program

and was prepared to fulfill the requirements of a NASA study. Specifically,

the primary objective of the subject study was to obtain the vehicle components
of force and moment from the pressure data measured on a 1/12-scale wind-tunnel

model of the YF-12A airplane. In addition, the shear, bending moment, and

torque at various stations on the fuselage, wing, and vertical surfaces, as
well as the elevon hinge moments were to be determined.

The two major requirements to be accomplished in the preparation of this

computer program were the capabilities to consider a very complex geometrical

configuration and to analyze a large amount of pressure data (approximately
540 orifice locations on the model for more than 1,600 test conditions). The

first task was uniquely met by an existing computer program - the MARK IV

Supersonic-Hypersonic Arbitrary Body Computer Program. (References l, 2, and

3). This program is capable of analyzing completely arbitrary configurations

and already had some capability to calculate total vehicle forces and moments

from input pressure distributions.

The MARK IV, then, was selected as the starting point for the new program.

Emphasis was placed on improving the efficiency of the input-pressure option

and meeting the special requirements of the present study. These included

adding new routines for the shear and moment calculations, creating new
storage files for subsequent use with plotting programs, and devising some

means of automatically inputting the vast amount of experimental data to be

analyzed. Originally, these procedures were added directly to the MARK IV

program via new input flags and additional overlay links. However, this
resulted in a large, logically complex computer program that could possibly

inhibit its use in the future. A single purpose computer program - input

pressure option only, was then prepared by stripping out all the aerodynamic
predictive methods producing a physically smaller source deck and a logically

simpler code. The final result is the MARK IVS, for "MARK IV Stripped"

Program.

The primary purpose of this manual is to provide instructions for the use of

the MARK IVS Program. It is intended that this manual be used in conjunction

with the MARK IV documentation (References l, 2, and 3) and familiarity with

the MARK IV (or the earlier MARK III) is almost a prerequisite. The present

manual is provided mainly as a convenience so that, once a user is knowledgable

of the concept, the instructions for the input pressure option are readily

available in a format unencumbered by all of the other MARK IV options. In



this regard, an attempt has been madeto make the MARKIVS Manual a stand-
alone document. Input descriptions are given for a general application and
also for the automated procedure set up for the analysis of the YF-12Awind-
tunnel data. An examplecase illustrating the general input for a simple
configuration is also presented.



SECTION2. PROGRAMDESCRIPTION

k

The MARK IVS retains all of the arbitrary-body geometry input capabilities of

the original program. The only aerodynamic method available pertains to the

input pressure option and has general applicability in all speed ranges -
subsonic, supersonic, and hypersonic. The shear option (the calculation of

shear, bending moment, and torque at various vehicle stations) in its present

form is applicable only to the YF-12A configuration. An automatic input

feature has been set up specifically for the YF-12A; however, the procedure is

general and could be easily adapted to other experimental configurations.
Several of the optional features (e.g., pressure distribution along various

surface contours) were dictated by requirements of this study and Reference 4

should be consulted for a complete discussion of the analysis. Similarly, the
Mark IV documentation (Reference 2) should be referred to for a description of

the mathematical techniques employed, such as the definition of the surface

elements or the formulation of the surface spline.

The underlying concept used in the MARK IVS is simply stated:

The configuration is modelled by a number of plane quadrilateral
elements. Incremental forces and moments are determined for each

element and summed over all elements to obtain the vehicle forces

and moments.

The outstanding feature of the program is the capability to handle completely

arbitrary shapes independently of the locations for the measured pressures.

The functional organization of the_ARK IVS is shown in Figure I. Program

execution is controlled by an executive routine. The input to the executive

routine provides the order in which the Geometry and Aero options are to be

performed. These options, in turn, use a small executive routine or function

to further control the selection of sub-options.

All geometry input, element generation and storage is accomplished in the

Geometry component of the program. Subroutine GEOM is the executive controller

of this option. Geometry data may be input with the use of four methods;

Surface Elements, Elliptical Cross-Sections, Parametric Cubics, and the

Aircraft Geometry Program. A given vehicle may be defined by a combination of
the methods selected at the discretion of the user.

The GEOM subroutine converts the input data into quadrilateral elements and

stores them along with the original input surface element corner point

coordinates on Unit 4 using mass storage (random access) techniques. The

organization of the data on Unit 4, and all the other mass storage units,
are described in Section 5.

Many other parts of the program make use of the geometry data stored on Unit 4.

The vehicle is normally divided into a number of panels with each panel com-

posed of a number of elements. Each panel is identified by a storage

sequence number. The manner in which these panels are to be grouped together,

in the other parts of the program, is determined by direct reference to the

panel sequence number.

The AERO component of the program contains four major options; Flow Field

Analysis, Inviscid Pressure, Special Routines, and Shear. The Automated

3
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Input Assembler is accessed in the AERO component if requested. This is a

convenience feature added to facilitate the handling of a large number of

cases for a given configuration. The required _RK IVS input data are

assembled from three auxiliary files (see Section 3).

The Flow Field Analysis Option provides the means for inputting the measured
surface pressure coefficients. This data is collected in user defined flow

regions and stored on Unit lO using mass storage techniques. The surface

pressure data may be either input directly using the Hand Input Option or

they may be transferred from previously saved element data on Unit 4. The

flow regions are defined over portions of the configuration for which the

pressure variation is not extreme and normally with overlapping boundaries

to provide continuity. Each region is identified by a storage sequence number

and access in the Inviscid Pressure Option is by direct reference to the
region sequence number.

The Inviscid Pressure part of the program calculates pressure and resultant

forces on each quadrilateral element. The geometry data used are obtained

from Unit 4 where they must have been previously stored by the Geometry

Option. The geometry panels may be grouped to form a vehicle component and

the flow regions to be considered are specified by their sequence number.

The flow region and surface pressure data must have been previously stored

on Unit lO. A surface-spline fitting is performed over each region to obtain

the pressure at the element centroids. A one-to-one correspondence between

geometry panels and flow regions is not required. A given panel can encompass
several regions and vice-versa. An o---_ionis available to save the

coefficients of the spline fit for subsequent use. They are stored on Unit 21

using mass storage techniques.

Under the control of an input flag, the local flow properties on an element

may also be stored back on Unit 4 for use in the Shear Option. The total

force and moment coefficients for each vehicle component are determined and

stored on Unit g (mass storage). A special option is also available for

obtaining the pressure along specified contours on the vehicle surface. The

contour coordinates must have been previously stored on Unit 15 and the

calculated pressures may be stored on Unit 16 for subsequent access by a

plotting program. Both units 15 and 16 use mass storage techniques.

The Force Data Summation Option under the Special Routines section may be used

to selectively sum, print, and punch data that has been previously stored on

Unit 9 by the inviscid pressure routines. The results of these summations

may also be stored back on Unit 9 for use in subsequent summations. This is

the only option provided in the program for combining the force contributions

of the different vehicle panels or components. This feature permits the user

to develop a component buildup of the aerodynamic characteristics (e.g., wing

alone, wing plus body, wing plus body plus tail, etc.).

The Shear Option calculates the shear, bending moment, and torque at prescribed

stations of the vehicle. The elevon hinge moments are also calculated. Use

is made of the geometry data and element force data which must have been

- 5
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previously stored on Unit 4. The shear and moment data, as well as the

aerodynamic force data, may be stored on Unit 20 for subsequent use in a

plotting routine. Unit 20 uses mass storage techniques and permits efficient
access for various cross plots of the stored quantities.
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SECTION 3. INPUT-DATA INSTRUCTIONS

This computer-program system uses a free-form approach to the preparation of
the input data. That is, the order of the input cards depends upon the
requirements of the problem being solved. This is true of both the system-
control data and the input data to each of the major program components. For
this reason, few standard-data load sheets are provided. In most cases the
user will find that a simple 80-column load sheet can be used. This means
that the cards can be written on the load sheet in the order in which they
will be read into the program. All of the input data is read right at the
beginning of the job and printed out on the output unit. In this way the
user always has a record of the input data along with the output results of
the program.

The Mark IVS Program requires an Executive-Flag Card and a System-Control Card.
These cards are followed by the sets of data cards for each program option to
be executed. Detailed card-by-card descriptions of all of the input items are
provided in this section.

The general scheme used in describing the input data is shown below:

Routine

Col umn Cod__e Format Explanation

The meaning of each of these headings is as follows:

Column - Indicates the position on the card for each data field.

Code Gives the FORTRAN name used in the read statement by the

program.

Routine - Indicates the subroutine where the data is read.

Format Indicates the FORTRAN format of the data read statement.

The parameter I4 would indicate that the parameter is an

integer, right justified in a field that is 4 columns wide.

The parameter FlO.O would indicate a fixed point number

punched with a decimal point and sign, and placed anywhere
in the card columns indicated.

Explanation - The description of the input-data parameters, flags, etc.

." ' I>T;



INPUT TO THE MAIN-EXECUTIVE ROUTINE

Only two input cards are required for the Executive Program.

Executive-flag card (311). -

This card must be the first card in the data deck.

Routine

Col umn Code Format Explanation

l IEROR Main

Il
Automatic ABEND-Dump Flag. Used in IBM

version of the program only.

= 0 Any IHC type of error will cause

an automatic 0C4 type of System

ABEND. This is useful in tracking

down both program and input errors.

= l Automatic ABEND capability is not
turned on.

2 INMONT Main

Il
Input-Monitor-Control Flag. This flag
causes all of the input data to be copied

from the input unit (5) to Unit I. As

this is being done all the input cards
(except for the Executive-Flag Card) are

written out on the output unit (6).
= 0 The monitor routine is called as is

described above.

= l The monitor routine is not called and

the input data is not printed on Unit
6 or transferred to Unit I.

3 INPUTD Main
Il

= 0 Will use automated input for AERO option _
The monitor routine will be called.

= I Will use normal input for AERO option.

System-control card (2Oil, 39X, A4). -

Routine

Column Code Format Explanation

l IPG{I)

2 IPG(2)

3 IPG{3)

etc.

20 IPG(20)

Main

20II
System options in the order that they are
to be executed.

IPG Option
= 1 Call GEOM.

= 2 Call AERO.

60-63 CASE Main

A4

Case identification.



GEOMETRY-DATA PREPARATION

-k .

Geometry Nomenclature

Before proceeding with the detailed descriptions of the geometry-input data
several (and often confused) geometry terms should be defined.

Surface Element: This, the smallest geometry unit, consists of four

related points on the surface of the vehicle and the

area enclosed by lines connecting successive points.

All geometry data must eventually be made available

to the program in surface-element form.

Plane Quadri Iateral
Element:

Each surface element is converted by the program into

a plane-quadrilateral element. The plane-quadrilateral

element is the basic geometric unit used in the force
calculations. This unit, in effect, is the integration-

step size and is fixed once the surface-element repre-

sentation of the shape is established.

Cross-Section Cut: A cross-section cut is that view obtained by cutting

the vehicle in the longitudinal plane (Z, Y plane), at

a constant X-station.

Vehicle Section: A vehicle section consists of an aggregation of surface

elements that have similar size and proportions. On

the Type 3 element-data cards a Section starts when a

point with STATUS = 2 is found. A Section ends when
the next STATUS = 2 (or 3) is found.

Vehicle Panel: This parameter is used to indicate a part of the

vehicle that is made up of several Sections. On the

Type 3 element-data cards a Panel is ended when a
STATUS = 3 is found.

Vehicle Component: A Component is defined as a major part of the vehicle
that is to be analyzed by the program as a unit (i.e.,

a wing, tail, etc.). A Component is usually made up
of several Panels.

In this program the geometry data are stored on the Quadrilateral-Element-

Storage Unit 4 by PANELS. That is, each PANEL is identified by a sequence

number. In the AERO part of the program these PANELS may be grouped together
to form vehicle COMPONENTS for the aerodynamic analysis. The PANELS are

assigned consecutive-sequence numbers (ISTAT3) by the GEOMetry routine as they
are stored on the Quadrilateral-Storage Unit 4. The user must keep track of

the panel-sequence numbers for each Panel (each STATUS = 3) stored on Unit 4.

These panel-sequence numbers are required as input to the other parts of the

program to retrieve the proper geometry data for the force calculations.

9



These various definitions are illustrated in the following table and by Figure 2.

Basic
Quantity

Points

Elements

Sections

Panels

Components

:ombine

To

Form

Elements

Sections

Panels

Components

Vehicle

Examples

Inboard Section A, Flap Section B, out-
board Section C.

Sections A, B, C form upper-wing panel•

Upper and lower panels form wing component.

Wing, fuselage, tail, etc. components form

the complete vehicle.

iI

FIGURE 2. GEOMETRY DEFINITIONS DIAGRAM.

Geometry-Data-Preparation Methods

Several options are available for describing the geometric shape of a vehicle

or component for use in this program• These methods are selected at the dis-

cretion of the user. A given vehicle may be defined by a combination of the

methods. These methods permit the user to describe a completely arbitrary
shape, or to synthesize a vehicle from simple component parts, depending upon

the requirements of the problem. The general techniques used in achieving
this are outlined below.

In the Mark IVS Program, the geometry data are input using one of the following
methods:

l • Surface-Element Method (Distributed Elements). This method uses a

large nunl)er of surface-coordinate points that are related to groups

of 4 to form a surface element. The program then converts the area

defined by each set of 4 points into a plane-quadrilateral element.

All types of input-geometry data eventually end up in this form

before actual force computations are made.

'._.,

L
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. Elliptical-Cross-Section Data. In this method input data consist of

the necessary radii, circle or ellipse center, and the sector of the

circle or ellipse to be used. The program then converts these data

into exactly the same surface-element form as described in the above

paragraph. These data created by the program are in the correct for-

mat for conversion to plane quadrilaterals for subsequent calculations.
The element-geometry data generated in this method are stored on the

Geometry-Data-Storage Unit (8).

o Mathematical-Surface Fit (Parametric Cubics). The surface-input data

for this method consist of coordinates of points along the four bound-

aries of a patch. The coefficients for a mathematical surface-fit

equation are then calculated to provide a description of the interior

surface patch. This surface is then converted to exactly the same

form as in Method l by a systematic variation of the two parametric

parameters. Again, as in Method 2 above, the resulting element data

are saved on the Geometry-Storage Unit for subsequent conversion to

plane quadrilateral s.

. Aircraft-Geometry-Generation Program. This program is designed to

simplify the loading of aircraft types of configurations (i.e., wings,

tails, nacelles, etc.).

The selection of the method to be used in describing a shape depends upon the

detailed requirements of the problem and the vehicle shape. For completely
arbitrary shapes either the Surface-Element or the Parametric-Cubic Method

would be used. For simple shapes, such as a vehicle nose, leading edge, or

circular or ell iptical cross section, the Elliptical-Surface Generation Method

(Method 2) would be used. For a vehicle synthesized from a number of simple

components the geometry data can be generated by a separate program.

The Geometry Option will normally be the first option called (unless geometry

data has been previously assembled and stored in quadrilateral form in the

computer on a previous run).

The GEOM Program has two basic tasks: It provides for the input or generation

of geometry data in ELEMENT form (TYPE3 cards), and for the conversion of these

data to QUADRILATERAL form (surface area, outward normals, centroids, etc.).

The ELEMENT cards when generated are usually stored on Unit lOUT (=8 for most

cases). The QUADRILATERAL data are stored on Unit 4 using Mass-Storage tech-

niques for the CDC version and Direct Access for the IBM version.

A simplified flow chart of how the geometry data are read in and used is

presented in Figure 3.
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Read Geom Control Card
lOUT, IREW, PRINTS, IQUAD,
131_X, CONFIG

i

[IF (IQUAD .E_. I) GO TO II0> -

Y

Read (TAPEIN,30)P_r_EL(ISTATa),LAST,IORN(ISTATa),J(IGEOM(I),I=I,I_),SYt_FCT(ISTAT3),_FA(ISTAT3)
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p

doo90I=1,1ol
V

IIF (IGEOII(1) .EQ. O) GO TO lO0>-
I !

I.,EOI,(I)IfIG = I" '
i

I
GO TO (40,50,60,70), IG I

40
ICALL IELE I

I

50 I 60
ICA,LEL,IPI ICALLCUBICl

I I I

90 _CONT!NUE ]

•
lOO IIF (LAST .EQ. O) GO TO 20/_- ;

113NAX= ISTAT31
Iio _ t "

IIF (IQUAD .EQ. 2) GO TO 420> :

_m m

70

]CALL AIRCFT I

I) R_ad scale factor card

Generate Quadrilaterals for Panel. Type 3
Surface Element cards will be read from unit

lOUT until a STATUS = 3 is found.

-_-<IF (ISTAT3 .LT. 13MAX) GO TO 12o1

420 IRETURNI

IIF(IOUT.NE.5 .AND. IOUT.NE.I) REWIND IOUT I

IISTAT3 = Ol

_]_-_CONT IvNUEI

IIST.'AT3= ISTA'F3 + lI

[IF _IFA(ISTAT3).EQ.

t

i

Figure 3 . GEOMETRY INPUT AND USAGE FLO$._CHART
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Input To Geometry Executive Control And Quadrilateral-Calculation Routine

o

.i

Geometry-control card (II2, 5If, II2, 15A4). -

This is the first card for the GEOM option.

Routine

Col umn Code Format Explanation

I-2 IOUT GEOM

I2
Output-Storage Unit for Type 3 Element-

Data Cards when they are generated by one

of the Geometry-Generation routines or

loaded by the Element-Load routine.

Usually input = 8, but it may also be
convenient to use it = l (or = 5 if INMONT

= l on the Executive-Flag Card). If

quadrilaterals are not to be calculated

lOUT may be input = 7 to obtain a punched

deck of the Type 3 element cards.

3 IREW GEOM

Il
Rewind Flag for Unit lOUT.

= 0 Rewind Unit IOUT before storing any

Type 3 cards on it.
= l Do not rewind Unit lOUT.

4 PRINTS GEOM

Il
Print Flag for detailed quadrilateral
cha racte ristics.

= 0 Do not print.
= l Print.

5 IQUAD GEOM
II

Quadrilateral-Calculation Flag.

= 0 Program will expect to use the

Geometry-Generation or Storage

routines to put elements on to Unit
IOUT. A Panel-Identification Card

will be next in the deck.

=l Program will by-pass the Element-
Generation and Storage Options. A
Panel-Identification Card will not

be read. Program will read Type 3

geometry cards from Unit IOUT and
convert them to quadrilateral s.

=2 Same as = 0 above except that the

program will not calculate the

quadrilaterals. A return from the
GEOM routine will be called after

the geometry generation or storage

on Unit IOUT is completed.

13



Geometry-control card (Continued)

Routine

Column Code Format Explanati on

6 13MAX GEOM

Il
Number of Status 3's in the element Unit

IOUT. Used in determining when the end

of the quadrilateral computations are

reached (used only when IQUAD = l).

When IQUAD _ l I3MAX is determined by

the program.

7 NEW GEOM

II
New Data-Set Flag.
= 0 This is a new Data-Set Unit for

geometry data. Set up all flags

and pointers.

=l This is not a new data set. Use

old flags and pointers to store
additional panels.

= 2 Replace an existing panel.

8-9 NPMAX GEOM

I2
Maximum number of panels to be provided

for on the new Geometry-Data Unit.

Used only when NEW = O. If input as = 0

then the program will set NPMAX = 50.

When NEW = 2, NPMAX is the number of the

panel to be replaced.

I0-69 CONFIG GEOM

15A4
Configuration identification to be
written on the first record of the

Geometry-Storage Unit (4).

Panel-identification card (A4, 2If, lOIl, 2If, 412). -

This card is required if IQUAD # I. This card is used to control the flow

to the various Geometry-Generation routines. One of these cards is re-

quired before each entry into the Geometry-Generation DO loop. The
Geometry-Generation DO loop is terminated by the LAST parameter on this

card. Each Panel-Identification Card can cause the Geometry-Generation

routines to be entered up to lO times. The number of times that the

Geometry-Generation routines are to be entered is controlled by the

IGEOM(1) parameter. When IGEOM(I) = 0 the DO loop is stopped. If

IGEOM(1) = 0 the DO loop will not even be started but the Panel-ldenti-
fication Cards will be read in until LAST = I.

Routine

Column Code Format Explanation

I-4 PANEL(I) GEOM
A4

Panel number or code identification.

This identification will be stored on

the Quadrilateral-Data Storage Unit 4.

. k
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Panel-i denti fication card (Conti nued)

Column Code

Routine

Format Explanation

5 LAST GEOM

Il
Last-Panel Flag.
: 0 This is not the last Panel-

Identification Card.

= l This is the last Panel-Identification

Card.

6 IORN(I) GEOM
Il

Geometry-Orientation Flag.

= 0 Normal mode using cross-sections.

= l Geometry-data input in streamwise

strips.

= 2 Geometry-data input in streamwise

strips, but for each streamwise

strip of elements the first coor-

dinate point in the right-hand

strip of points is not used in the

formation of the leading-edge

element, but is ignored by the

program. This is illustrated in

the diagram below for the lower

wing of a vehicle. The streamwise

direction is indicated by the arrow.

/ e

6=- =_, .9

In the diagram above the numbers

indicate the order of the input

points. Note that points l and 2

are duplicate points (same values
for X, Y, and Z). The first element

is formed by points I-2-4-5 and

point 3 is ignored. In a similar

manner, an element is formed by

points 3-4-7-8 and point 6 is not
used.

=3 Same as =2 above except that the

left point is ignored in the forma-

tion of the leading-edge elements.

This would be useful for upper sur-

faces of a delta wing. The input
schematic for this case is shown

below.

15



Panel-identification card (Continued)

Routine

Col umn Code Format Expl anation

E 3

7

9

7 IGEOM(1) GEOM
8 lOIl

9
lO

etc.

Geometry-Generation-Method Flag.

= 0 The Geometry-Generation routines
(IELE, ELLIP, CUBIC, AIRCFT) will
not be called. If LAST = 0 another

Panel-Identification Card will be

expected next.

=l Routine IELE will be called to read

Type 3 cards from the input unit

and to copy these cards onto the

Geometry-Storage Unit, lOUT.

=2 Routine ELLIP will be called to

generate elements using the ellipse-

generation techniques.

= 3 Routine CUBIC will be called to

generate elements using the Para-
• metric-Cubic Method.

=4 Routine AIRCFT will be called to

generate elements using the Aircraft-

Geometry Option.

17 SYMFCT (I) GEOM

Il
Symmetry Flag. This flag indicates the

type of vehicle symmetry to be used for

this component of the vehicle (see dia-

grams below).

=I

Z

=0

Y

k .• r .
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Panel-identificati_a card (Continued)

Routine
Column Code Format

18 IFA (I) GEOM
II

19-20 NADJI GEOM

I2

21-22 NADJ2 GEOM

I2

Explanation

Note: Although it is possible to use

different Symmetry Flags for different

components of a vehicle, the safe thing

to do is to input or generate the geo-

metry using the same Symmetry Flag for
all parts of a vehicle. This is par-

ticularly important if pictures are to

be drawn with a computer-graphics

picture-drawing program.

Scale-Factor Flag. This flag permits the

alteration of geometry data either by a

shift of the reference coordinate system

or by a multiplying factor.

=0 Use input-geometry coordinates (no

scale factors will be used). The

Scale-Factor Card will not be input.

=l Use scale factors to scale and shift

the geometry data in the basic coor-

dinate system. Scale factors and

coordinate increments are applied as

the geometry data are being converted

into quadrilateral data. The original
element data on Unit lOUT are not
altered.

i.e. Xnew = Xinpu t . (XSC) + DELX

etc. for Y and Z

Note: The Scale-Factor Card is input
after all of the Panel-Identification

Cards and Geometry-Generation Cards

(for IELE, ELLIP, CUBIC, AIRCFT) are

input, and are the last cards read

before the quadrilaterals are calcu-
.lated.

The number of some other panel that is

adjacent to side-number l of this panel.

The side-numbering convention is the

same as was used to identify the sides

of a single element.

The number of some other panel that is

adjacent to side-number 2 of this panel.

17



Panel-identification card (Continued)

Routi ne

Col umn Cod____e Format Expl anati on

23-24 NADJ3 GEOM

I2
The number of some other panel that is

adjacent to side-number 3 of this panel.

25-26 NADJ4 GEOM

I2
The number of some other panel that is

adjacent to side-number 4 of this panel.

Scale-factor card (6FlO.O). -

This card is input only if IFA = I. One Scale-Factor Card is required

for each Panel-Identification Card that has IFA = I. All of the required

Scale-Factor Cards are grouped together and input behind all of the Geo-

metry Input or Generation Cards on each entry into the Geometry Option.
The Scale-Factor Cards are read in one at a time as they are required (as

specified by the IFA parameters on each Panel-Identification Card). This

read occurs in the cycle of the quadrilateral calculations and the scale

factors are applied to the input-geometry data as they are being converted

into quadrilaterals. The original element data (Type 3 Cards) stored on

Unit 8 is not affected by these scale factors as the scale factors are

only used as the quadrilaterals are being generated (See Figure 3).

Routi ne

Col umn Code Format Expl anation

l-l0 XSC GEOM

FlO.O

I1-20 YSC GEOM

FlO.O

21-3O ZSC GEOM

FlO.O

31-40 DELX GEOM

FlO.O

X Scale Factor to be multiplied times

Xinput"

Y Scale Factor to be multiplied times

Yinput"

Z Scale Factor to be multiplied times

Zinput"

AX Scale - Increment to be added to X.

41-50 DELY GEOM

FlO.O

AY Scale - Increment to be added to Y.

51-60 DELZ GEOM

FlO.O

AZ Scale - Increment to be added to Z.

Input To The Element-Reading Routine

This geometry option is used to transfer Element-Data Cards (Type 3 Cards)

from the input unit (usually 5 or the Input-Monitor Storage Unit l) to the

Geometry-Element-Data Storage Unit (8).

18
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Element-control card (212, 2II). -

Routine

Col umn Code Format Explanation

I-2 13MAX IELE
I2

The nun_)er of STATUS 3's that will be

read before the IELE routine will stop

and return to the Main-Geometry Program.

3-4 IN IELE

12
Input unit for the Type 3 Cards.

If input = 0 the program will set IN

equal to TAPEIN as defined in the Main-

Executive Program (= l or = 5).

5 IREW IELE

II
Rewind Flag for Unit IN. The rewind
control statement in IELE before the

geometry read starts is as follows.

IF (IN.NE.5 .AND. IREW.EQ.I) REWIND IN.

= 0 Do not rewind Unit IN.

= l If IN _ 5 rewind IN.

6 13 IELE

II
Status 3 Control Flag.
= 0 As the element cards are copied

over to Unit lOUT all of the STATUS

3's will be removed except the last
one.

= l All of the STATUS 3's will be

removed as the cards are copied to
Unit IOUT.

Element-Data-Cards (Type 3 Cards) are input following the above Element-
Control Card.

Surface-Element Input Data (Distributed-Element Method)

The important result of this general approach to the geometry problem is

that the force-calculation part of the program is not affected by the

method used to input the geometric shape. The form of the geometry data

can be varied to meet the situation.

The coordinate system used for all the geometry data is shown in Figure 4.

For symmetrical vehicles it is standard practice to input the left side

of the vehicle only.

Since all of the geometry options finally produce geometry data in surface-

element form, it is important that the methods and nomenclature used with
this method be clearly understood. It is, therefore, reconm_nded that the

input instructions for the Surface-Element Method be studied before an

attempt is made to use either the Ellipse or the Parametric-Cubic Options.

19



FIGURE4. INPUTGEOMETRYCOORDINATESYSTEM.

The geometric-input data in this method include the coordinates of a large

number of points on the vehicle surface. The input data are organized in

a manner that permits the description of a vehicle on a component-buildup

basis. This gives increased flexibility in shape description and makes
it possible to use different force-calculation methods for different

components. Because of possible changes in the surface contours of a

component, it may also be necessary to divide the component into several

sections. Each section of a vehicle component is further divided into a

number of small units called elements, each defined by four points in

space. In practice, the surface coordinates are usually recorded from

cross-section drawings of the vehicle in such a way that each point need
be read only once (even though it may be a member of as many as four

adjacent elements). Each point is defined by its three coordinates and

a Status flag that indicates whether it is the first point of a new sec-

tion, a continuation of a column of points, the beginning of a new column,
or the last point of the vehicle. The program uses the Status flags to

determine how the input points are to be related to form elements, and
how the elements are combined to form a section.

The first question that the user asks when starting to load the element

geometry is, "In what order do I enter the surface points?" The basic

rules to be followed are given below. These will be followed by a dis-

cussion of a visual technique that many users will find helpful in deter-

mining the proper loading order.

For the purpose of organizing the input data for computation, each point

is assigned a pair of integers, m and n. The integers are not actually

input to the program (they are calculated internally) but their use in

20



the following discussion will provide a better understanding of the input-

data organization. For each point, n identifies the "column" of points to
which it belongs, and m identifies its position in the "column", i.e., the

"row". The first point of a "column" always has m = I. To ensure that

the program will compute outward-normal vectors, the following condition
for the order of input points must be satisfied. If an observer is

located in the flow and is oriented so that locally he sees points on the
surface with m values increasing upward, he must also see n values in-

creasing toward the right. Strict adherence to this simple rule will

always lead to a correct set of input-geometry data. Examples of correct

and incorrect input are shown in the sketches below. In these pictures

the flow field lies above the paper, and the interior of the body lies

below the paper. The arrows indicate the order of reading the points.

Correct Input Incorrect Input

mr3 7 mr3

- - - m=l

nffil n=2 n=3 n=3 n=2 n=l

I ::;ii II In= I n=l-

m- 3 m= 2 m= 1 m= 1 m= 2 m= 3

i m=l
m=2

mr3

n=2 n=1 nffi2 n=3,

Associated with each input point is an input quantity called its Status.

The first point of each new section has Status = 2. Except for the first

n-line of a section, the first point of each n-line has Status I. The

last point of the component of the vehicle has Status 3. All other

points have Status = O; i.e., they may be left blank on the input sheet.

The program will not exit properly from the surface-data subprogram and

into the force-calculation phase until it reads a Status = 3.

The simple visual technique described below is helpful in determining the

proper order of the input points•

l • First, assume that you are holding in your hand a small model of the

vehicle shape. Many program users find it helpful to construct a

small paper model to help in visualizing the geometry-loading proce-

dure. On this model we will draw lines to represent the elements to

be loaded for a given vehicle section. This process is illustrated

in the photographs in Figure 5.

• Next, decide which strips of elements are to constitute "columns"

and which "rows". In most problems one of two procedures is
selected - either a "column" of elements starts at the bottom of the

21



FIGURE5. USEOFSMALLPAPERMODELIN VISUALIZINGGEOMETRYLOADINGPROCEDURE.
(In each example the pen is pointing at the first point to be
loaded and in the direction of the first column of input points.)
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shape and continues around to the top, roughly following vehicle
cross-section lines, or a "column" is oriented so that it starts at

the front part of the vehicle and runs aft toward the rear.

. Hold the model out in front of you and rotate it until the columns
are vertical with the first row of elements at the bottom. This

procedure should be used regardless of what part of the vehicle is

being loaded - the body, fin, inside of fin, etc. Always orientate
the model so that you are looking at the section to be loaded (from

the outside, looking at the surface) with the columns running verti-
cal and the rows running horizontal.

. Now that you have the section being loaded oriented in front of you,

with the columns vertical, apply the following cardinal geometry
rule:

If a column of data points are loaded from the bottom to
the top, then the next column of points (starting with a

Status = l) must be to the right.

All of the geometric-input data for this geometry option are input on

Type 3 Element-Data Cards. Each card contains the X, Y, Z coordinates

and Status flag for two points on the body surface. Every card in the

element-geometry deck must contain two surface points except the last

card, which may have only the first-surface-point coordinates and Status

filled in. If a particular line of vehicle points is odd in number then

it is usually advisable to repeat the last point (a dummy point) so that

the last card will have two sets of point data. This permits the shift-

ing of vehicle sections of the deck without disrupting other sections.

Element-data-input cards (3FlO.O, II, 3FlO.O, II, 2X, I2, IA4, I2, 4X, 14). -

The detailed description of the input data for the Surface-Element

Method is presented below.

Routi ne

Col umn Code Format Expl anati on

l-lO X IELE

FlO.O
X-coordinate of surface point (the

value of X is written anywhere in this

space with a decimal point and sign;

usually input only if it is negative).

ll-20 Y IELE

FlO.O
Y-coordinate of surface point.

21-30 Z IELE

FlO.O
Z-coordinate of surface point.

31 STAT IELE

Il
Status flag for the above set of
coordinates (= 2, l, 0 or 3).

23



Element-data-input cards (Continued)

Routine

Column Code Format Explanation

32-41 XX IELE
FlO.O

X-coordinate of surface point.

42-51 YY IELE

FlO.O
Y-coordinate of surface point.

52-61 ZZ IELE

FlO.O
Z-coordinate of surface point.

62 STATT IELE

Il
Status flag for the above set of
coordinates (= 2, l, O, or 3).

65-66 CASE IELE

I2
Case number (right-justified integer).

67-70 SECT IELE

IA4
N_nbers or letters to identify the

vehicle section. These must be legal
machine characters.

71-72 TYPE IELE

12
Card type number =03.

77-80 SEQ IELE
I4

Card-sequence number. This number is

used to identify each card of a particu-

lar section and to aid in keeping the
cards in order (right-justified integer).

A data load sheet for the above data is shown on the next page.

Elliptical-Cross-Section Data

This geometry option provides the capability of generating geometric data for

vehicle components having whole or partial circular or elliptical cross sec-

tions with a minimum amount of input information required. This option is

usually used to generate hemispherical noses and wing and tail leading edges.

The data generated by this option is saved on the Geometry-Storage Unit

(Unit 8) in normal surface-element input-data form. In this manner it is

possible to describe a vehicle with a combination of both hand-input data

(in surface-element or parametric-cubic input form) and analytically derived
circular or elliptical cross-section data.

The input data for this geometry option is described below. The input

procedure is to define the basic properties of a circular or elliptic cross

section (a cut in the Z-Y plane with X being the constant for the cross
section). Each cross section where a set of element data are desired must

24
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be input in this manner. The first cross section must be toward the front of
the vehicle, and each succeeding section must be toward the rear.

Ellipse-generation-control card (12A4, lIX, 2If, 3XI2, IA4, I2). -

Routine

Column Code Format Explanation

1-48 TITLE ELLIP

12A4
Vehicle section or component title. Any
acceptable machine characters.

60 DISCON ELLIP

II
Angular-Data Option Flag. This flag
controls the angular division of the

cross section and the dumy points

generated to give complete card output
for the Geometry-Storage Unit. See sketch
below.

+Z

b

+ +Y

\

0

The angular-data options are given below.

=l All initial angles, 0^, and all final
angles, eo, are the s_Ime for each
cross section for this section of the
vehicle.

= 2 All e2 in the vehicle section are the

same but the 0o varies.

61 IPRINT ELLIP

Il

: 3 All 0o in the vehicle section are the

same but the e2 varies.

Print Flag. This flag controls the print-

ing of the element data generated in this

option. This data printout will contain
the exact information written on the

Geometry-Storage Unit.
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Ellipse-generation-control card (Continued)

Routi ne

Col umn Code Format Explanation

= 0 Do not print data.

= l Print.

65-66 CASE ELLIP

12
Case number. A right-justified integer

used to identify the vehicle data.

67-70 SECT ELLIP

IA4

Section identification. A number or

letter used to identify this section or

component of the vehicle. Any acceptable
machine characters.

71-72 TYPE ELLIP

I2
Card Type number =04 (integer).

Cross-section-data cards (FlO.O, 2F6.0, 13, 2FlO.O, 2F7.0, If, 4X12, IA4, 12).

One card for each cross-section cut desired.

Routine

Column Code Format Explanation

l-lO X ELLIP

FlO.O
X-station (usually negative if the
vehicle nose is at the coordinate-

system origin).

If-16 THETO ELLIP

F6.0
Initial angle, eo, Degrees.

17-22 THETL F6.0 Final angle, e_, Degrees.

23-25 NN ELLIP
I3

Number of divisions of cross section

desired. This number controls the

number and spacing of the elements

generated between eo and e_ (Right-

justified integer).

26-35 A ELLIP

FlO.O
Ellipse radius along the Y - axis, a.

36-45 B FIO.O Ellipse radius along the Z - axis, b.

46-52 DELZ F7.0 Offset of center of ellipse in the

Z- direction, AZ.

27



Cross-section-data cards

Col umn Code

53-59 DELY

(Continued)

Routine

Format

ELLIP

F7.0

Explanati on

Offset of center of ellipse in the

Y-direction, AY.

28

60 LAST ELLIP

II

Last Flag. This flag controls the

Status Flag (STATT) of the last element

point generated and the position of the
Geometry-Data Storage Unit (8).
after the element data has been written

on it.

=0 This is not the last cross section;
set STATT = 0 and read in new cross-

section card.

= l Not active. Do not use.

=2 This is the last cross section for

this vehicle section or component.

Set the Status Flag STATT = O, and

read in a new ellipse-data title
card.

= 3 Not active. Do not use.

=4 This is the last cross section; no

more sections are given, set last
STATT = 3, write end of file on

geometry unit.

65-66 CASE ELLIP

I2
Case number (right-justified integer).

67-70 SECT ELLIP

IA4
Numbers or letters to identify the vehicle

panel. These must be_legal machine char-
acters.

71-72 ITYPE ELLIP

I2
Card type n_nber = 05 (integer).

77-80 Card sequence number. Not read by program.

A data load sheet for the above data is shown on the next page.
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Parametric-Cubic-Input Data

This geometry-input option is provided as an alternate input method in the

description of arbitrary shapes. In this respect, it serves the same purpose
as the Surface-Element-lnput Method.

In the Surface-Element-Input Method a vehicle section is described by a large

number of surface points organized in an element fashion. In the Parametric-

Cubic Method only points along the boundaries of a patch are input to the

program and the distributed surface points (surface elements) required for the

subsequent quadrilateral calculations are determined by the program.

The basic features of this method are that: (1) fewer input points are required

to describe a shape; (2) the input of this data is a little more complicated;

and (3) the generated element size is controlled by two input parameters and

may be changed to meet the requirements of the problem.

The input data consist of points along the four boundaries of a patch. The

program calculates the coefficients for a mathematical surface-fit equation

to provide a description of the interior surface of the patch. This surface
is then converted into exactly the same form as the normal surface-element

input data for further calculations. The element data generated is saved on
the Geometry-Storage Unit (Unit 8) for use in other phases of the program.

Figure 6 illustrates how a section is described by this method.

Z 1, 1)

X

Y

FIGURE 6 . PARAMETRIC CUBIC PATCH INPUT.

Each of the four boundaries is identified in Figure 6 by a number inside a

circle. The input data for each of these boundaries must be input in the

order indicated by these numbers, i.e., boundaries I, 2, 3, and 4. The order

of input points on a boundary and the order of the boundaries is important.

The approach to ensure a correct input of the data is similar to that used
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Parametric-Cubic-Input Data (Continued)

for the quadrilateral-element-input data. First, the user should imagine that

he is holding a small model of the vehicle in hand. The vehicle is divided

into a number of sections or patches. Figure 6 represents one such patch.

The objective here is to describe how the data for one patch is loaded into

the program.

The user orientates the model of the vehicle so that the number l boundary is

to the left and the number 2 boundary to the right. Coordinates of points

along the number l boundary are loaded first. The order of these points (from
the user's view of the model) is from the bottom to the top of the patch. Note

that a point must be included outside the patch at either end of the boundary

to give proper slopes at the corner points. The next input points are for
boundary number 2 and again from bottom to top. Boundary number 3 is loaded

from left to right as is boundary number 4. A different number of points may

be used to describe each boundary up to a maximum of 20 for each one.

Each of the input points has a status flag associated with it similar to that

used in the Surface-Element-lnput Method. The first point (the bottom point

outside the patch on boundary number l) has a status of 2. The first point on

each of the other boundaries has a status of I. All the other points have a

status of 0 except the last point (the point on the right side outside the

patch on boundary 4) which has a status of 3.

The input sheet contains two points per card. Every card must contain two

points except the last which may have one point (loaded on the left side of
the card).

The detailed input information required for this Geometry-Method Option is

presented below.

Parametric-cubic-title card (12A4, IX, I3, IX, I3, 3X, 3If, 2XI2, IA4, I2). -

This card contains patch-control data and divisions to be used in convert-

ing the patch to element data.

Column Code

1-48 TITLE

Routine

Format Explanation

CUBIC Section or patch title. Any acceptable

12A4 characters.

50-52 NOU CUBIC

13

Number of division of the parametric-

variable u. This controls the number of

elements in the element mesh in the u-

direction (right-justified integer).

54-56 NOW CUBIC

I3

Number of divisions of the parametric-

variable w. This controls the number of

elements in the element mesh in the w-

direction (right-justified integer). If
this number is an even number then the

w
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Parametric-cubic-title card (Continued)

Routine

Col umn Code Format Explanation

program will change it to the next higher

odd number so that there will always be
an odd number of elements in a column.

This will give an even number of points
in a column to fill out both the left

and right sides of the Element-Data Card.

60 LAST CUBIC

Il
Last Flag. This flag controls the
Status Flag (STATT) of the last-element

point generated and the position of the

Geometry-Data-Storage Unit (8).
after all data has been written on it.

= l Not active. Do not use.

=2 This is not the last patch. Set

the last-point Status Flag STATT

= O, and read in a new set of patch

data (including a new title card).

= 3 Not active. Do not use.

=4 This is the last patch. Set the

last-point status to STATT = 3,
write an end of file on Unit IOUT.

61 ISOVR CUBIC

Il
First-Point Status-Override Flag.

=0 The Status Flag for the first

coordinate point of the patch will
be = 2 (normal mode).

=l The Status Flag for the first-

coordinate point of the patch will

be set = I. This will permit

"joining together" several

parametric-cubic patches to form a

single section of surface-element
data.

62 IPRINT CUBIC

Il
Print Flag. This flag controls the

printing •of the element data generated

in this option. This data printout will
contain the exact information written on

the Geometry-Storage Unit (in BCD card

image form).

= 0 Do not print data.
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Parametric-cubic-title card (Continued)

Col umn Code

65-66 CASE

67-70 SECT

Routine

Format Explanation

= l Print.

CUBIC

12
Case number (right-justified integer).

CUBIC

IA4
Numbers or letters to identify the
vehicle panel.

71-72 ITYPE CUBIC

I2
Card type number = 06.

Parametric-cubic boundary-data card (3FI0.4, II, 3FI0.4, Il, 8X, 12). -

This card contains the coordinates of the boundary curves for a

parametric-cubic patch.

Routine

Col umn Code Format Explanation

l-lO X CUBIC

FlO.4
X-coordinate of boundary-curve point.

11-20 Y CUBIC

FlO.4
Y-coordinate of boundary-curve point.

21-30 Z CUBIC

FlO.4
Z-coordinate of boundary-curve point.

31 STAT CUBIC
Il

Status Flag for the above set of coor-
dinates (= 2, l, O, or 3). This flag

controls the reading in of the boundary-
curve data and is not the same as the

STATUS flag that will be generated and

written on the Geometry-Storage Unit

along with the generated surface-element
data.

32-41 XX CUBIC

FlO.4
X-coordinate of boundary-curve point.

42-51 YY CUBIC
FlO.4

Y-coordinate of boundary-curve point.

52-61 ZZ CUBIC

FlO.4

Z-coordinate of boundary-curve point.

62 STATT Il Status Flag for the above set of coordi-

nates (= 2, l, O, or 3). This flag
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Parametric-cubic boundary-data card (Continued)

Ro utine

Col umn Code Format Explanation

controls the reading in of the boundary-
curve data and is not the same as the

STATUS flag that will be generated and

written on the Geometry-Storage Unit
along with the generated surface-
element data.

65-66 CASE Case number. Not read by program.

67-70 SECT Numbers or letters to identify the
vehicle panel. Not read by program.

71-72 ITYPE CUBIC

12
Card type number = 07.

77-80 SEQ Card sequence number. Not read by

program.

A data load sheet for the above data is shown on the next page.

Aircraft-Geometry Option

The Aircraft-Geometry Option has the capability of generating element data
for six classes of aircraft surfaces. These are identified as follows.

I. Wings

Airfoil ordinates are input at percent-chord locations along with

the X, Y, Z coordinates of each airfoil leading edge. Wing-camber

data and chord lengths are also input.

2. Fuselage

A fuselage may be defined in segments and may be circular or

arbitrary in cross section. If the fuselage is circular it may be

input by a cross-sectional-area distribution. If the fuselage is
arbitrary it may be input as X-Y-Z cross-sectional-coordinate data.

Up to four fuselage segments may be specified on each entry into

the Aircraft-Geometry Option.

3. Pods or Nacelles

The X-Y-Z coordinates of the pod origin are input along with a pod-

radii distribution. Up to nine pods may be specified on each entry

to the Aircraft,Geometry Option.
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Aircraft-Geometry Option (Continued)

4. Fins

The X-Y-Z coordinates of the lower- and upper-airfoil leading edge

of vertical fins are input along with airfoil ordinates at up to

ten percent-chord locations. The chord lengths are also input. As

many as six fins may be used on each entry to the Aircraft-Geometry

Option. Only symetrical airfoils are generated.

5. Canards or Horizontal Tails

The X-Y-Zcoordinates of the inboard- and outboard-airfoil leading

edge are input along with the airfoil ordinates and chord lengths.

Up to two canards may be input on each entry to the Aircraft-Geometry

Option. Unsymmetrical airfoils are permitted.

6. General-Ai rfoi I Surface

The orientation of each airfoil is specified by X-Y-Z coordinates

of the leading and trailing edges and a rotation angle. The airfoil

ordinates and camber data are also input. This permits the descrip-

tion of wing or tail type of surfaces where the airfoils are not

orientated in a fixed streamwise plane.

The first five classes of surfaces indicated above are the same as those

available in the NASA Wave-Drag Program. The sixth surface is a new feature

provided within the Arbitrary-Body Program that allows the geometric descrip-

tion of a surface composed of airfoil sections that may be arbitrarily orien-

tated in space. This removes some of the restrictions imposed within the

wing, fin, and canard options used in the NASA Wave-Drag Program. Also,

additional parameters may be specified on the pod-input data to allow arbi-
trary orientation of the pods or nacelles.

Various combinations of the above shapes may be used in describing most air-

craft configurations. However, in some situations a part of a vehicle may not

be accurately described by one of the above components. In this case, the

particular part of the vehicle may be input or generated using the completely
arbitrary-shape capabilities in the other parts of the program (i.e., input

elements, parametric-cubic patches, etc.). For other problems it may be eas-

iest to generate the vehicle using the Aircarft-Geometry Option and then

alter those cards that need changes by hand in order to give an accurate rep-

resentation of the shape. This may be necessary to accurately describe such
regions as wing roots, fillets, etc.

Note that in the description of each of the surfaces above,certain restric-

tions exist as to the maximum number of fuselage segments, pods, fins, etc.,

that may be generated on a single entry into the Aircraft-Geometry Option.

It should be noted, however, that all such limitations may be overcome by

entering the Aircraft-Geometry Option as many times as may be required.

The output data for the Aircraft-Geometry Option consist of element-data cards

with two coordinate points and accompanying Status Flags recorded on each card
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Aircraft-Geometry Option (Continued)

(Type 3 Arbitrary-Body Program Cards). These cards are written on the

Geometry-Storage Unit (Unit 8) for use by the rest of the Arbitrary-Body

Program. The card decks generated in this manner may be used directly as

input data for subsequent runs on the Hypersonic Arbitrary-Body Program, or

as input to the Douglas Arbitrary-Body Supersonic Wave-Drag Program and the

Douglas Potential-Flow Program (the Neumann Program). These same element

cards may be used to generate pictures using on-line interactive graphics

programs, and in programs that use large electro-mechanical drafting devices
such as the Orthomat and Gerber Plotters.

Some users may make use of the Aircraft-Geometry Option and the Arbitrary-

Body Program picture-drawing capabilities as a tool in validating geometry

data for the NASA Wave-Drag Program (the Harris Program). For such applica-

tions, however, care should be taken to verify that the input data for the

users' version of the NASA program is the same as required by the Aircraft-

Geometry Option of the Hypersonic Arbitrary-Body Program. Note that the sixth

surface type provided in the Aircraft-Geometry Option (arbitrary-airfoil

orientation) is not available for use on the NASA Wave-Drag Program. Since

all programs tend to change with time it may be necessary for the user to make

modifications to the Aircraft-Geometry Option to maintain consistency in input

data with the NASA Wave-Drag Program.

Users of the Aircraft-Geometry Option should exercise care in selecting input
parameters to assure that the resulting surface-element data will meet the

needs of their problem. This rather obvious statement is necessary because

of the multifunction uses that this option serves.

The various methods within the Aircraft-Geometry Program are selected by input

flags on a control card. The various parameters, tables, etc., for each air-

craft component are given on a separate set of cards for each type of surface.

The order and identification of each of the input cards is given in the list

below. Each card, if it is to be used, must be in the order indicated.

Card or

Card Set

Number Card Identification

l Title and Identification Card

2 Control-Flag Card

3 Wing-Area Card (if required)

4 Wing Percent-Chord-Location Card(s)

5 Airfoil Leading-Edge-Coordinate Card(s)

6 Wing Camber-Line Card(s) (for each airfoil, if required)

7 Wing Airfoil-Ordinate Card(s) (for each airfoil)
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Card or

Card Set

Number

8

9

lO

II

12

13

14

15

16

17

18

19

2O

21

22

23

24

25

26

27

28

29

30

31

32

Card Identification

Fuselage X-Station Card(s) (for first segment)

Fuselage-Camber Card(s) (if required)

Fuselage Cross-Section-Area Card(s) (if required)

Fuselage Y-Ordinates (for arbitrary shape) (if required)

Fuselage Z-Ordinates (for arbitrary shape) (if required)

Repeat II and 12 for all cross sections of segment.

Repeat 8 through 13 for all fuselage segments.

Pod-Origin Card

Pod X-Station Card(s)

Pod-Radii Card(s)

Repeat 15 through 17 for all pods.

Fin Leading-Edge-Coordinate Card

Fin Percent-Chord-Location Card

Fin Airfoil-Ordinate Card

Repeat 19 through 21 for all fins.

Canard Leading-Edge-Coordinate Card

Canard Percent-Chord-Location Card

Canard Upper-Ordinate Card

Canard Lower-Ordinate Card (if required)

Repeat 23 through 26 for all canards

General Ai rfoil-Surface-Control-Flag Card

Airfoil Percent-Chord-Location Card(s)

Airfoil Orientation Card(s)

Airfoil Camber-Line Card(s)

Airfoil Ordinate-Thickness Card(s)

t
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Card or

Card Set

Number Card Identi fication

33 Repeat 28 through 32 for multiple airfoil surfaces as required.

34 Repeat l through 33 for multiple configurations as required.

35 Type 99 card (Normal Return to Executive Program).

The detailed descriptions given on the following pages include all input cards

and parameters. Where it might be useful the mnemonics used in the program

are also given. On some of the cards identification information is punched in

card columns 73-80. Although this information is not used by the program its

use may help to eliminate errors in card order. The card field to be used for

input numbers is indicated for each card. All integers should be punched in
the right-most column of the field. Real numbers may be punched anywhere in

the field specified. Except for the integers on the Control-Flag Card, all

other input is in the form of real numbers with the decimal point and sign

punched on the card (i.e., -59.56).

The type 99 card contains a 99 in card columns 71 and 72. The remainder of
the card has the same format as the Title and Identification Card (Card l);

however,these remaining fields are usually left blank.

A chart showing the data flow logic for the Aircraft-Geometry Option is pre-

sented in Figure 7.

Aircraft-geometrx identification and control. -

Title and identification card (9A3, 8A4, If, 2X, If, IXI2, 4X, A2, 2A4):

Routine

Col umn Cod____ee Format Explanation

1-59 CARD AIRCFT

gA3,
8A4

The title that is to appear at the top

of the output pages. Any acceptable
machine characters.

6O ISTAT3 AIRCFT

Il
Flag to control the generation of a
du_ element with a very small sur-
face area in order to introduce a

Status = 3 at the appropriate place

in a geometry deck.

=0 Dummy element will be included at

the very end of the Type 3 cards

produced in the Aircraft-Geometry

Option. This means that the last

Type 3 card will have a Status 3

flag.
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Title and identification card (Continued)

Routi ne

Col umn Code Format Expl anation

=l No dummy Status 3 element will be

generated. The last data point in

the Aircraft-Geometry Cards produced
will have a Status = O.

63 IHARIS AIRCFT

II
NASA-Harris Input-Coordinate Flag.

= 0 Arbitrary-Body Program coordinates

will be used. The usual practice is
to have the nose of the vehicle at

the origin of the coordinate system

with the tail having a negative
X-station.

=l The NASA-Harris coordinate system
will be used. The vehicle nose is

at the origin and all the X-coordi-

nates are positive for the input

data on the Aircraft-Geometry-Data

Cards. The program will change them

to negative values before the final

Type 3 Cards are written on the

storage unit to be consistant with
the Arbitrary-Body System.

65-66 CASE AIRCFT

I2
Case number to be printed at the top of

data-output pages and in card columns

65-66 on the Type 3 Cards produced by the

Aircraft-Geometry Option.

71-72 TYPE AIRCFT

A2
Case-Termination Flag. If input = 99

the Aircraft-Geometry Option will stop

with this card and return to the Geometry

routine. If left blank the program will

continue reading in Aircraft-Geometry-
Data Cards.

Control-flag card (713, II, I2, 1613, 8X):

Routine

Column Code Format Explanation

I-3 JO AIRCFT

13
Wing-Area Flag.

= 0 Wing-Area Card is not included.

= l Wing-Area Card is to be read.
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Control-flag card (Continued)

Routi ne

Col umn Code Format

4-6 Jl AIRCFT

I3

7-9 J2 AIRCFT

13

lO-12 J3 AIRCFT
13

13-15 J4 AIRCFT

I3

16-18 J5 AIRCFT

13

19-21 J6 AIRCFT

I3

22 J7 AIRCFT

Il

23-24 NWAF AIRCFT

I2

25-27 NWAFOR AIRCFT

I3

28-30 NFUS AIRCFT

I3

.ExpIanati on

Wing-Data and Camber Flag.
= 0 No wing data are used.

= l Cambered-wing data are to be read.

= -l Unca_bered-wing data are to be read.

Fuselage-Control Flag.

= 0 No fuselage data are used.

= l Data for arbitrarily-shaped fuse-

lage will be read.

= -l Data for circular fuselage will be
read.

Pod-Control Flag.

= 0 No pod data are used.
= l Pod data are to be read.

Fin-Control Flag.
= 0 No fin data are used.

= l Fin data are to be read.

Canard-Control Flag.
= 0 No canard data are used.

= l Canard data are to be read.

Fuselage-Camber and Symmetry Flag.

= 0 Fuselage-camber data will be read.

= l Configuration is symmetrical with

respect to the X-Y plane (uncambered-

circular fuselage is used).

= -l Fuselage is uncambered.

= 2 Uncambered, arbitrary fuselage.

General-Ai rfoi l-Surface Flag.
= 0 No airfoil data are used.

= l General-Airfoil-Surface-Control
Card to be read.

Number of airfoils used to describe the

wing = 2 to 20.

Number of percent-chord points used to

define each wing airfoil section.
= 3 to 30.

The number of fuselage segments to be
read. = l to 4.
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Control-flag card (Continued)

Routine

Col umn FormatCode

31-33 NRADX(I) AIRCFT
I3

34-36 NFORX(1) AIRCFT

13

37-39 NRADX(2) AIRCFT

I3

40-42 NFORX(2) AIRCFT

13

43-45 NRADX(3) AIRCFT

13

46-48 NFORX(3) AIRCFT

13

49-51 NRADX(4) AIRCFT

I3

52-54 NFORX(4) AIRCFT

13

55-57 NP AIRCFT

I3

58-60 NPODOR AIRCFT

I3

61-63 NF AI RCFT

I3

64-66 NFINOR AIRCFT

I3

67-69 NCAN AIRCFT

I3

Explanation

Number of Y-Z coordinate points used to
describe each cross section for the

first fuselage segment. This parameter

is used for both arbitrary and circular-

fuselage segments.
= 3 to 30.

Number of X cross sections to be used

for each fuselage segment.
= 2 to 30.

Same as Field 31-33 for second fuselage

segment.

Same as Field 34-36 for second fuselage

segment.

Same as Field 31-33 for third fuselage

segment.

Same as Field 34-36 for third fuselage

segment.

Same as Field 31-33 for fourth fuselage

segment.

Same as Field 34-36 for fourth fuselage

segment.

Number of pods to be input (up to 9).

Number of stations to be used in the

pod-radii-distribution input. This is

the same for all pods.
= 2 to 30.

Number of vertical fins to be input

(up to 6).

Number of ordinates used to define each

fin airfoil. This is the same for all

fins.

= 3to lO.

Number of canards or horizontal tails

to be input (up to 2).
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Control-flag card (Continued)

Routi ne
Col umn Code Format

70-72 NCANOR AIRCFT

13

Wing-area card (F7.2):

Routine

Col umn Code Format

I-7 REFA AIRCFT

F7.2

Explanation

Number of ordinates used to define the

airfoils. This is the same for all

canards.

= 3 to lO Airfoil is symmetrical;

upper ordinates only will
be read.

= -3 to -lO Airfoil is unsymmetrical;
lower ordinates will be

read right after the upper
values are read in.

Explanation

This card is required if JO = l on the

Control-Flag Card. This parameter is

not used by the program but may be pres-

ent in some decks set up for the NASA

Wave-Drag Program. If JO = 0 on the

Control-Flag Card then the Wing-Area
Card is not included in the deck.

Win_s.

The input information required by the Aircraft-Geometry Option to define a

wing with streamwise airfoils is as follows:

I. Number of airfoils.

2. Number of airfoil percent-chord points used to define the airfoils.

3. A table of percent-chord locations that are to be used for the air-
foil-thickness and camber distributions.

4. The X-Y-Z coordinates of the leading edge of each airfoil.

5. The chord length of each airfoil.

6. The airfoil-ordinate data in percent of chord length at each

percent-chord position for each airfoil.

7. A flag to indicate when camber data are to be read in or set equal
to zero.
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Wings (Continued)

8. Camber values of the mean-camber line (z_Z) at each percent-chord
location for each airfoil.

The input information required to describe a wing is illustrated in Figure 8.

i

c

! _i___

FIGURE 8. WING WITH STREAMWISE AIRFOILS.

Note that each airfoil lies in an X-Z plane at a fixed spanwise station, Y.

This will pose problems in some applications at the wing-fuselage juncture,

particularly for area-ruled fuselages.

The Z-coordinates of each surface point are calculated from the following

relationship.

Z = ZO + DZ * C * WAFORD(I,J) + TZORD(I,J)

where

Z = final Z-coordinate of a point on the airfoil

DZ = (upper surface) - (lower-surface factor)

= +l .0 for upper surface.
= -l.O for lower surface.

C = chord length/lO0.O

WAFORD = upper-airfoil thickness in percent of chord length

subscript I = the airfoil number (=l for the inboard airfoil)

subscript J = the number of chordwise location

TZORD = camber, AZ

ZO = Z-coordinate of the airfoil-leading-edge point
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The order of the generated X-Y-Z surface points is shown in Figure 9a for the

upper surface of the wing. The wing lower surface is shown in Figure 9b.

In the wing shown in Figure 9 there were seven percent-chord locations from

the leading edge to the trailing edge. Since each Element-Data Card generated

(Type 3 Card) contains two data points, three and one-half cards will be re-

quired for the root upper surface. Rather than beginning the next wing chord

on the last half of the third card, this field is filled by a dummy point

(point 8) which is a repeat of the trailing-edge point (point 7). This dummy

point is furnished automatically by the program when it is required and per-
mits each airfoil to be started on a new card. This facilitates the manual

manipulation of resulting data decks to meet various needs.

The wing lower surface is considered as a new vehicle section. To obtain the
correct "outward" side of the surface the generation of points starts at the

tip rather than the root as was done for the upper surface. DunIEy trailing-

edge points are generated just as was done for the upper surface. In the

example shown, point l will have a Status Flag of 2, points 9 and 17 will have
Status = l, and all the rest will have Status = O.

J

+X

-Z

(a) Upper surface

+Z

+X
+y (b) Lower surface

FIGURE 9. POINTS AND ELEMENTS GENERATED FOR WING SURFACE.
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Note that a surface point is calculated at each input percent-chord location

for each airfoil. The number of percent-chord locations and the number of

airfoils will determine the number of surface points generated and the number

of resulting surface elements. In the example shown in Figure 9 a total of

28 elements were generated (including 4 that result from the dummy trailing-
edge points).

Wing percent-chord-location card(sl (lOF7.0, fOX):

Routi ne

Col umn Code Format Explanation

1-7 XAF(1)

8-14 XAF(2)

15-21 XAF(3)

22-28 XAF(4)

29-35 XAF(5)

36-42 XAF(6)

43-49 XAF(7)
etc. etc.

AIRCFT
lOF7.0

Table of percent-chord locations that

are to be used for the airfoil-thickness

and camber coordinates. Use as many

cards as required with lO numbers on
each card. Use as many fields and cards

as is specified by NWAFOR (Field 25-27)

on the Control-Flag Card.

Airfoil leading-edge-coordinate cards (4F7.0, 52X):

Routine

Col umn Code Format Explanation

I-7 WAFORD(I,I) AIRCFT

8-14 WAFORG(I,2) 4F7.0

15-21 WAFORG(1,3)

22-28 WAFORG (1,4)
73-80

X-coordinate of the airfoil leading edge.

Y-coordinate of the airfoil leading edge.

Z-coordinate of the airfoil leading edge.

The airfoil streamwise chord length.

May be punched WAFORGi, where i denotes
the airfoil number.

Note: Repeat this card for all airfoils, starting with the inboard

airfoil and working to the outboard-tip airfoil. The number

of these cards is given by the parameter NWAF (Field 23-24)

on the Control-Flag Card and must not be greater than 20.

Wing camber-line cards (lOF7.0, lOX):

I

Not required if Jl = -l on the Control-Flag Card.

Routine

Column Code Format Explanation

I-7 TZORD(J,I)

8-14 TZORD(J,2)

15-21 TZORD(J,3)

22-28 TZORD(J,4)

29-35 TZORD(J,5)

36-42 TZORD(J,6)

43-49 TZORD(J,7)

50-56 TZORD(J,8)

AIRCFT

lOF7.0

Camber values of the mean-camber line

(AZ) at each percent-chord location for

each airfoil. Use as many cards as

required with lO numbers on each card.

Each airfoil must have as many numbers

as was specified by the parameter NWAFOR

in field 25-27 on the Control-Flag Card.

There will be as many sets of these
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Wing camber-line cards (Continued)

Routine

Col umn Code Format

57-63 TZORD(J,9)

64-70 TZORD(J ,I0)

1-7 TZORD(J, ll)
etc. etc.

Explanation

cards as was indicated by the parameter

NWAF in field 23-24 on the Control-Flag
Card. The first number for each air-

foil should start on a new card. The

identification TZORDj may be punched in
card columns 73-80, where j denotes the
airfoil number.

Wing airfoil-ordinate cards (lOF7.0, lOX):

Ro uti ne

Col umn Code Format

I-7 WAFORD(J,I )

8-14 WAFORD(J,2)

15-21 WAFORD(J,3)

22-28 WAFORD(J ,4)

29-35 WAFORD(J,5)

36-42 WAFORD(J,6)

43-49 WAFORD(J,7)

50-56 WAFORD(J,8)

57-63 WAFORD(J,9)

64-70 WAFORD(J,IO)

I-7 WAFORD(J,II)
etc. etc.

AIRCFT

lOFT.0

Explanation

Wing airfoil-thickness ordinates as a

percent of chord length at each percent-

chord-ordinate position for each airfoil.

Use as many cards as required with lO
numbers on each card. Each airfoil must

have as many numbers as was specified by

the parameter NWAFOR in field 25-27 on
the Control-Flag Card. There will be as

many sets of these cards as was indicated

by the parameter NWAF in field 23-24 of

the Control-Flag Card. The first number
for each airfoil should start on a new

card. The identification WAFORDj may be

punched in card columns 73-80, where j
denotes the airfoil number.

Fuselage. -

The input information required by the Aircraft-Geometry Option to define a

fuselage is as follows:

I. Fuselage-shape flags (circular, arbitrary, cambered).

2. Number of fuselage segments (l to 4).

3. Number of Y-Z coordinate points used to describe an X-cross section
for each fuselage segment (3 to 30).

4. Number of X cross sections to be used for each fuselage segment

(2 to 30).
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, A table of X-values of the fuselage cross sections for each fuse-

lage segment.

, Tables of Y-Z values to describe each cross section for arbitrary-
shaped fuselage.

7. Fuselage centerline-camber distribution.

8. Cross-sectional-area distribution of the fuselage if it is circular.

From the above input items we see that the fuselage may be circular or arbi-

trary in cross section, may have camber, and may be made up of as many as

four segments. However, a single fuselage cannot be made up to a combination

of circular and arbitrary cross sections. (This comment only applied for a

single pass into the Aircraft-Geometry Option. Multiple entries into the

Aircraft-Geometry Option from the Hypersonic Arbitrary-Body Executive Main

Program permits an unlimited combination of program capabilities.)

The order of the generated fuselage-coordinate points is from the bottom

around to the top. The first point for each fuselage segment has a Status

Flag of 2, each new cross section starts with a Status of l, and all the other

points have Status = O. If the last point for a cross-section fills only the

left half of the Type 3 Element-Data Card, a d_nmy point is generated to fill

the right field of the card. Figure lO shows the order of the generated sur-

face points for an arbitrarily-shaped fuselage. Only two fuselage segments
are shown.

.Z

2

• 1 •

1 1

14
I:

FIGURE lO.

|

SEGMENT i

FUSELAGE GEOMETRY GENERATION
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Fuselage X-station card(s ) (lOF7.0, lOX):

Routine

Col umn Code Format Explanation

I-7 XFUS(I,I) AIRCFT

8-14 XFUS(I,2) lOF7.0

15-21 XFUS(I,3)

22-28 XFUS (I ,4)

29-35 XFUS(I,5)

36-42 XFUS(I,6)

43-49 XFUS(I,7)

50-56 XFUS(I ,8)

57-63 XFUS(1,9)

64-70 XFUS(I ,lO)

I-7 XFUS(I,II)
etc. etc.

Table of X-station values to be used for

first fuselage segment. Use as many cards

as required with lO numbers on each card.

The number of cross sections used may be

the same as indicated by the parameter

NFORX on the Control-Flag Card. The X-

stations must be in an order proceeding
from the front of the vehicle to the

rear.

The identification XFUSj may be punched

in card columns 73-B0, where j denotes

the number of the last fuselage station

given on that card.

Fuselage-camber card(s) (lOFT.O, fOX):

Required only if J6 = 0 on the Control-Flag Card.

Routine

Column Cod____e Format Explanation

I-7 ZFUS(I,I) AIRCFT

8-14 ZFUS(I,2) lOFT.0

15-21 ZFUS(I,3)

22-28 ZFUS(I,4)

29-35 ZFUS(I,5)

36-42 ZFUS(I,6)

43-49 ZFUS(I,7)
50-56 ZFUS(I,8)

57-63 ZFUS(I,9)

64-70 ZFUS(I,IO)

I-7 ZFUS(I,II)

etc. etc.

Fuselage-camber distribution for first

fuselage segment. Use as many cards as

required with lO numbers on each card.

The number of camber points used must
be the same as indicated by the parameter

NFORX on the Control-Flag Card. For an

arbitrarily shaped fuselage this par-
ameter will not actually be used in

generating the surface-coordinate points.
However, if the parameter J6 = 0 on the

Control-Flag Card, then the appropriate
number of Fuselage-Camber Cards must be

present in the deck (all the values may

be = 0.0).

The identification ZFUSj may be punched
in card columns 73-80, where j denotes

the number of the last fuselage station

given on that card.
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Fuselage cross-section-area card(s) (1OF7.0, IOX):

Not required if the fuselage is arbitrary in shape (if J2 = l).

Routine

Col umn Code Format Explanation

I-7 FUSARD(I,I) AIRCFT

8-14 FUSARD(I,2) lOF7.0

15-21 FUSARD(I,3)

22-28 FUSARD(I,4)

29-35 FUSARD(I,5)

etc. etc.

A table of fuselage cross-sectional-
area distribution at each station for

the first fuselage segment. Use as

many cards as required with lO numbers
on each card. The number of points

used must be as indicated by the par-

ameter NFORX on the Control-Flag Card.

The identification FUSARDj may be

punched in card columns 73-80, where

j denotes the station number.

Fuselage Y-ordinate card(s) (lOF7.0, fOX):

Used for arbitrarily-shaped fuselage only. Do not use these cards unless

J2 = l on the Control-Flag Card.

Routine

Col umn Code Format Explanation

I-7 YFUSY(I,J,I)

8-14 YFUSY(I,J,2)

15-21YFUSY(I,J,3)

22-28 YFUSY(I,J,4)

29-35 YFUSY(I,J,5)

36-42 YFUSY(I,J,6)

43-49 YFUSY(I,J,7)

etc. etc.

AIRCFT
lOF7.0

Y-ordinates for one fuselage cross sec-

tion, starting at the bottom and going

around to the top of the section. Use

as many cards as required with lO numbers

on each card. The parameter NRADX on the

Control-Flag Card specifies the number of

Y-ordinates required for each cross
section. Each set of Y-Ordinate Cards

are followed immediately by a Z-ordinate
set of cards for that same cross section.

The number of ordinates may range from 3
to 30.

Fuselage Z-ordinate card(s) (lOF7.0, fOX):

Used for arbitrarily-shaped fuselage only.

J2 = l on the Control-Flag Card.

Do not use these cards unless

Ro utine

Col umn Code Format Expl anati on

1-7 ZFUSZ(I,J,I)

8-14 ZFUSZ(I,J,2)

15-21ZFUSZ(I,J,3)

22-28 ZFUSZ(I,J,4)

29-35 ZFUSZ(I,J,5)

36-42 ZFUSZ(I,J,6)

AIRCFT

lOF7.0
Z-ordinates for one fuselage cross sec-

tion, starting at the bottom and going

around to the top of the section. These

Z-ordinates correspond to the Y-ordinates

input on the Y-Ordinate Card described

above. Use as many cards as required
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Fusel age Z-ordinate card(s) (Continued)

43-49 ZFUSZ(I,J,7)

50-56 ZFUSZ(I,J,8)

57-63 ZFUSZ(I,J,9)

etc. etc.

with lO numbers on each card. The par-

ameter NRADX on the Control-Flag Card

specifies the number of Z-ordinates

required for each cross section. Each

set of Z-Ordinate Cards must be right

behind the corresponding set of Y-
Ordinate Cards.

Note Paired sets of Y-Ordinate and Z-Ordinate Cards are repeated for each

fuselage cross section until all cross sections for a single fuselage

segment are read in. The number of paired sets is given by the

parameter NFORX input on the Control-Flag Card.

The order of cards for the second fuselage segment is the same as

prepared for the first segment. This includes fuselage station, camber,
cross-section area, and Y-Z ordinates for each fuselage segment.

Pods or nacelles. -

A pod or nacelle is a body of revolution with its axis arbitrarily located

with reference to the vehicle-axis system. This increased capability has been

added without effecting the NASA Wave-Drag Program input format (the NASA pro-

gram is limited to having the pod axis parallel to the vehicle X-axis). The

pod is defined with respect to its own coordinate system (X'-Y'-Z'), the
orientation of which is considered to have been achieved through a yaw-pitch

sequence of rotations. The parameters used in defining the pod and the forma-
tion of surface elements are illustrated in Figure If.

÷Z

÷X

÷Y

FIGU_ If. POD OR NACELLE GEOMET_.
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The input information required to define a pod or nacelle is as follows:

I. Number of pods (up to 9).

. Number of stations to be used in the pod-radii-distribution input

(2 to 30). This is the same for all pods.

. The X-Y-Z coordinates of the origin and end of each pod in the

veh icle-coordi nate system.

. A table of X-ordinates (relative to pod origin) for the pod-radii
distribution.

5. Pod-radii distribution for each pod.

The order of the generated surface points is from the bottom around to the

top. The first point of each pod has a Status of 2, each new station starts
with a Status of l, and all other points have Status = O. If the last point

for a station fills only the left half of the Type 3 Element-Data Card, a

dummy point is generated to fill the right half of the card. When the pod

axis lies in the X-Z origin plane, only half the pod is generated (-90° <_

< +90°). Otherwise elements for the complete pod are determined.

In addition to specifying the axis orientation, the number of elements in 180 °

may also be specified. If this expanded capability is not used and the input
fields are left blank, the program assumes the pod axis is parallel to the

vehicle axis, and elements are generated every 15° in m.

Pod-origin card (3F7.0, 3X, II, 3X, 3F7.0, 6X, If, 5X, I2):

Ro utine

Coi _n Code Format Explanation

I-7 PODORG(I,I) FT.0 X-coordinate of the origin of the first

pod with respect to the vehicle-coordinate-

system origin.

8-14 PODORG(I,2) FT.0 Y-coordinate of the origin of the first

pod with respect to the vehicle-coordinate-

system origin.

15-21 PODORG(I,3) FT.0 Z-coordinate of the origin of the first

pod with respect to the vehicle-coordinate-

system origin.

25 IOR II Arbitrary Orientation Flag. If this
value does not equal l, fields 29-49 are

ignored and the pod axis is assumed

parallel to the vehicle X-axis.

29-35 PODORG(I,4) FT.0 X-coordinate of the end point of the

first pod with respect to the vehicle-

coordinate system.
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Pod-origin card (Continued)

Routine

Col umn Code Format

36-42 PODORG(I,5) F7.0

Explanation

Y-coordinate of the end point of the first

pod with respect to the vehicle-coordinate

system.

43-49 PODORG(I,6) FT.0 Z-coordinate of the end point of the first

pod with respect to the vehicle-coordinate

system.

56 IEL II Element-Number Flag. If this value does

not equal l, field 62-63 is ignored and
12 elements are assumed in 180 °.

62-63 NEL I2 Number of elements in 180 ° (<_ 36).

73-80 The card identification, PODORGi may be

punched in these columns where i denotes

the pod number.

Pod X-station card(s) (lOFT.O, lOX):

I-7 XPOD(I,I)

8-14 XPOD(I,2)

15-21 XPOD(I,3)

22-28 XPOD(I,4)

29-35 XPOD(I,5)

36-42 XPOD(1,6)

43-49 XPOD(I,7)

50-56 XPOD(I,8)

57-63 XPOD(I,9)

64-70 XPOD(I,IO)

I-7 XPOD(I,II)
etc. etc.

AIRCFT

lOFT.0
Table of X-ordinates (relative to pod

origin) to be used for the pod-radii
distribution. Use as many cards as re-

quired with lO numbers on each card.
The number of cross sections used must

be the same as indicated by the parameter

NPODOR given in field 58-60 on the
Control-Flag Card. The first X-ordinate

must be zero, and the last X-ordinate is

the length of the pod. The identifica-

tion XPODi may be punched in card columns

73-80, where i denotes the pod number.

Pod-radii card(s) (lOF7.0, lOX):

I-7 PODR(I,I)

8-14 PODR(I,2)

15-21 PODR(I,3)

22-28 PODR(I,4)

29-35 PODR(I,5)
36-42 PODR(I,6)

43-49 PODR(I,7)

etc. etc.

AIRCFT

lOF7.0
A table of pod-radii distribution at each

X-station for the first pod. Use as many

cards as required with lO numbers on each

card. The number of points used must be
the same as indicated by the parameter

NPODOR given in field 58-60 on the

Control-Flag Card. The identification

PODRi may be punched in card columns 73-80,

where i denotes the pod number.

Note: A new set of all three pod-input card sets is required for each

pod (a maximum of 9 are provided for). Note that every pod uses

the same value for the parameter NPODOR. If the Y-ordinate of the
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Pod-radii card(s) (Continued)

Note: (Conti nued)

pod origin is 0.0 then only half of the symmetrical-centerline pod

is generated. If the Y-ordinate is not equal to 0.0 then the

entire pod will be generated.

Fins. -

]

)

i

Fins are defined by upper- and lower-uncambered airfoils. Each airfoil lies

in an X-Y plane at a fixed vertical distance, Z. This restriction may pose

problems in some applications at the fin-fuselage juncture. The leading edge

of each airfoil is located relative to the coordinate system origin by input

X-Y-Z displacements. For fins located on the plane of symmetry only half of

the surface is generated. If the fin is located off the plane of symetry

both sides will be generated. The generation of surface points and elements

follows the same general procedure as outlined previously for the wing.

The input information required to define a fin is as follows:

I. Number of vertical fins (up to 6).

2. Number of ordinates used to define each fin airfoil section (3 to lO).

3. The X-Y-Z coordinates of the fin-lower and -upper leading edges.

4. Chord lengths for the lower and upper airfoils.

FIGURE 12. FIN GEOMETRY GENERATION
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Fins (Continued)

5. A table of percent-chord locations that are used to define airfoils.

6. A table of airfoil ordinates as a percent of the chord length.

The input and formation of fin-surface elements are illustrated in Figure 12.

Fin leading-edge-coordinate card (8F7.0, 24X):

Routine

Column Code Format Explanation

I-7 FINORG(N,I,I) AIRCFT

8-14 FINORG(N,I,2) 8F7.0

15-21FINORG(N,I,3)
22-28 FINORG(N,I,4)

X-coordinate of root-airfoil leading edge.
Y-coordinate of root-airfoil leading edge.

Z-coordinate of root-airfoil leading edge.

Chord length of root airfoil.

29-35 FINORG(N,2,1)

36-42 FINORG(N,2,2)

43-49 FINORG(N,2,3)

50-56 FINORG(N,2,4)

X-coordinate of tip-airfoil leading edge.

Y-coordinate of tip-airfoil leading edge.

Z-coordinate of tip-airfoil leading edge.

Chord length of tip airfoil.

73-80 The card identification FINORGn, where n

denotes the fin number.

Fin percent-chord-location card (lOF7.0, lOX):

Routine

Column Cod___ee Format Explanation

I-7 XFIN(N,I)

8-14 XFIN(N,2)

15-21XFIN(N,3)

22-28 XFIN(N,4)
29-35 XFIN(N,5)

36-42 XFIN(N,6)

43-49 XFIN(N,7)

50-56 XFIN(N,B)

57-63 XFIN(N,9)

64-70 XFIN(N,IO)

AIRCFT

lOF7.0
Table of percent-chord locations that
are to be used for the airfoil-thickness

ordinates. Only one card is used and

may contain up to lO numbers. The number

of percent-chord locations used must be

the same as indicated by the parameter
NFINOR in field 64-66 on the Control-Flag

Card. The card identification XFINn may

be punched in card columns 73-80; where
n denotes the fin number.

Fin airfoil-ordinate card (lOF7.0, lOX):

Routine

Col umn Code Format

I-7 FINORD(N,I)

8-14 FINORD(N,2)

15-21 FINORD(N,3)

22-28 FINORD(N,4)

29-35 FINORD(N,5)

36-42 FINORD(N,6)

AI RCFT

lOF7.0

Explanation

Table of fin-airfoil-thickness ordinates

as a percent of chord length at each

percent-chord-ordinate position for the

fin. Only one card is used and may con-

tain up to lO numbers. The number of

percent-chord locations used must be the
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Fin airfoil-ordinate card (Continued)

Routine

Col umn Code Format Explanation

43-49 FINORD(N,7)

50-56 FINORD(N,8)

57-63 FINORD(N,9)

64-70 FINORD(N,IO)

same as indicated by the parameter NFINOR

in field 64-66 on the Control-Flag Card.

The card identification FINORDn may be

punched in card columns 73-80, where n
denotes the fin number.

Note: A new set of all three fin-input cards is required for each fin (a

maximum of 6 are provided for). Note that every fin uses the same

value for the parameter NFINOR. If the Y-ordinates of the fin leading

edge are input as 0.0 only half of the symmetrical-centerline fin is

generated• If the Y-ordinates of the leading edge are not equal to 0.0

then the entire fin will be generated.

Canards or horizontal tails. -

Canards or horizontal tails are defined in a manner similar to that used for

fins using an inboard airfoil and an outboard airfoil. Each airfoil lies in

an X-Z plane at a fixed Y distance. The airfoils may be symmetrical or un-

symmetrical. Both the top and bottom of the surface will be generated using

the same procedures as outlined for the wing.

The input information required to define a canard or horizontal tail is as
fol lows:

•

2.

Number of canards (up to 2).

Number of ordinates used to define the canard airfoils (3 to lO).

. The X-Y-Z coordinates of the inboard- and outboard-airfoil leading

edges.

4. Chord lengths of the inboard and outboard airfoils.

o A table of percent-chord locations that are to be used to define the
ai rfoi Is.

6. A table of airfoil upper-surface ordinates as a percent of chord

length• If the airfoil is not symmetrical another table contains
the lower-surface ordinates.

The generation of canard and horizontal-tail surfaces is illustrated in

Figure 13.
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FIGURE 13. GENERATION OF CANARD AND HORIZONTAL-TAIL GEOMETRY

Canard leading-edge-coordinate card (8F7.0, 24X):

Routine

Column Code Format Explanation

I-7 CANORG(N,I,I) AIRCFT

8-14 CANORG(N,I,2) 8F7.0

15-21 CANORG(N,] ,3)

22-28 CANORG(N,1,4)

X-coordinate of inboard-airfoil leading edge.

Y-coordinate of inboard-airfoil leading edge.

Z-coordinate of inboard-airfoil leading edge.
Chord length of the inboard airfoil.

29-35 CANORG(N,2,1 )

36-42 CANORG(N,2,2)

43-49 CANORG(N,2,3)

50-56 CANORG(N,2,4)

X-coordinate of outboard-airfoil leading edge.

Y-coordinate of outboard-airfoil leading edge.

Z-coordinate of outboard-airfoil leading edge.

Chord length of the outboard airfoil.

73-80 The card identification CANORGn may be

punched in card columns 73-80, where n
denotes the fin number.

Canard percent-chord-location card (lOF7.0, lOX):

I-7 XCAN(N,I)

8-14 XCAN(N,2)

15-21 XCAN(N,3)

22-28 XCAN(N,4)

29-35 XCAN (N ,5)

36-42 XCAN(N ,6)

43-49 XCAN (N ,7)

50-56 XCAN(N,8)

AIRCFT

lOF7.0
Table of percent-chord locations that are
to be used for the airfoil-thickness

ordinates. Only one card is used and may

contain up to lO numbers. The number of

percent-chord locations used must be the

same as indicated by the parameter NCANOR

in field 70-72 on the Control-Flag Card.

The card identification XCANn may be
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Canard percent-chord-location card (Continued)

Ro utine

Col umn Code Format Explanation

57-63 XCAN(N,9)
64-70 XCAN(N,IO)

punched in card columns 73-80, where n
denotes the canard number.

Canard upper-ordinate card (lOF7.0, fOX):

This card also used for lower surface if canard is symmetrical.

I-7 CANORD(N,I)

8-14 CANORD(N,2)

]5-2] CANORD(N,3)

22-28 CANORD(N,4)

29-35 CANORD(N,5)

36-42 CANORD(N,6)

43-49 CANORD(N,7)

50-56 CANORD(N,8)

57-63 CANORD(N,9)
64-70 CANORD(N,IO)

AIRCFT

lOF7.0
Table of canard-airfoil-thickness ordi-

nates as a percent of chord length at each

percent-chord-ordinate position. Only one

card is used and may contain up to lO

numbers. The number of percent-chord
locations used must be the same as indi-

cated by the parameter NCANOR in field

70-72 on the Control-Flag Card. If the

parameter NCANOR is positive (+) these
airfoil ordinates will be used for both

the top and bottom of the canard. The

card identification CANORDn may be punch-

ed in card col_nns 73-80, where n denotes
the canard number.

If the canard airfoil is not symmetrical
the bottom airfoil-thickness ordinates

are input on the following card.

Canard lower-ordinate card (lOF7.0, fOX):

This card is only used if the airfoil is not symmetrical (NCANOR = -).

Routine

Column Code Format Explanation

I-7 CANORI (N,l)

8-14 CANORI (N,2)

15-21 CANORI (N,3)

22-28 CANORI(N,4)
29-35 CANORI (N,5)

•36-42 CANORI (N,6)

43-49 CANORI (N,7)

50-56 CANORI (N,8)

57-63 CANORI (N,9)

64-70 CANORI (N,lO)

AIRCFT

lOFT.0
Table of canard-airfoil-thickness ordinates

for the lower surface as a percent of chord

length at each percent-chord ordinate

position. Only one card is used and may

contain up to lO numbers. The number of

percent-chord locations used must be the

same as indicated by the parameter NCANOR

in field 70-72 on the Control-Flag Card.
The parameter NCANOR must be negative (-).

Both the upper- and lower-thickness

ordinates are input as positive percent-
of-chord values. The card identification

CANORIn may be punched in card columns

73-80, where n denotes the canard number.
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Canard lower-ordinate card (Continued)

Note: A new set of all canard cards is required for each canard (a maximum of
2 canards are provided for). Note that every canard uses the same value

for the parameter NCANOR.

General-airfoil surfaces. -

This geometry-surface type may be used to generate surfaces that are defined

by airfoil sections having arbitrary orientations in space. The airfoils are

not confined to fixed planes as was the case for the wings, fins, and canards

previously described. This more general approach permits the use of non-

streamwise airfoil sections and is useful in describing intersecting components
such as the wing- and tail-fuselage junctures. Input cards for this surface

type cannot be used as input to the NASA Wave-Drag Program.

The general-airfoil surface is defined by connecting two or more airfoil sec-

tions with straight lines. The orientation of each airfoil is given by coor-

dinates of the leading and trailing edges and an airfoil rotation angle. The

techniques used in defining these airfoils and in performing the necessary
transformation to obtain the required X-Y-Z coordinates in the vehicle-

coordinate system are discussed below.

Each airfoil section is defined relative to a coordinate system fixed within

the airfoil. The airfoil-thickness displacements may be measured either from

the mean-camber line along a line perpendicular to the airfoil axis or on a
line that is normal to the mean-camber line. This latter method is used in

+Z

P

FIGURE 14. GENERAL AIRFOIL COORDINATE SYSTEM
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General-airfoil surfaces (Continued)

some of the early NASA-airfoil documents. All airfoil-section parameters are

expressed as a percent of the airfoil chord. The parameters used in defining
an airfoil are illustrated in Figure 14. In this illustration the airfoil

lies in the n-{ plane.

The input information required by the Aircraft-Geometry Option to define a
general airfoil surface is as follows:

I. Number of airfoils.

2. Number of airfoil percent-chord points used to define the airfoils.

. Flags to control the thickness-distribution type, generation of tip-

and root-closure elements, and repetitive use of mean-camber line
and thickness distributions.

. A table of percent-chord locations that are to be used for the

airfoil-thickness and -camber distributions.

. The X-Y-Z coordinates of the leading and trailing edge of each
airfoil section.

6. The roll angle @ of each airfoil section.

. The mean-camber-line ordinates in percent chord at each percent-
chord location for each airfoil.

. Thickness distribution in percent chord at each percent-chord

position for each airfoil.

The roll angle @ is input explicitly and together with _ and e are positive in

the right-handed sense of the reference system.

Zero values for the rotation angles indicate the airfoil is orientated parallel

to the X-Z plane. Zero yaw and pitch angles and a +90 degree roll angle gives

an airfoil in the X-Y plane (such as a vertical-tail-root airfoil).

This surface type differs from those previously described in that repetitive

use may be made of the arbitrary-airfoil option on a single pass into the

Aircraft-Geometry Option. This stacking option allows wings, fins, etc. to be

generated on a single pass into the Aircraft-Geometry Option. A control flag

also permits repetitive use of airfoil data for subsequent airfoils to save

input time when all the surface airfoils are identical. Tip- and root-closure

elements may also be generated to give a completely enclosed surface.

The arrangement of the generated X-Y-Z surface points and elements is similar

to the procedure outlined for the wing surface with the exception of elements

that may be generated to close the tip and root sections.
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General-airfoil control-flag card (22X,I3, 2(3X,12), 7(4X,II),2X,A4,4X) :

Routine

Col umn Code Format Explanation

1-22 Surface-description statement.

acceptable machine characters.

by the program.

Any
Not used

23-25 INSURF AIRCFT

13
Control-Surface-Deflection Flag (= 0).

29-30 NAF AIRCFT

12

Number of airfoils used to describe the

surface. = 2 to 20.

34-35 NAFORD AIRCFT

12
Number of percent-chord points used to
define each airfoil section.

: 3 to 30.

40 NCAM AI RCFT

II
Flag for mean-camber-line distribution.

: 0 No camber data will be input.

= 1 Camber data will be input.

45 NACA AIRCFT

II
Airfoil Thickness-Type Flag.
= 0 Thickness will be calculated normal

to the chord line.

= l Thickness will be calculated normal

to the mean-camber line.

= 2 Same as = O, but camber input as AZ.

50 ITIP AIRCFT

II
Flag for closure surface at the tip.
= 0 Do not generate tip-closure surface.

= l Tip-closure surface will be generated.

55 IROOT AIRCFT

II
Flag for closure surface at the root.
= 0 Do not generate root-closure surface.

= l Root-closure surface will be generated.

60 ISIMC AIRCFT

II
Flag for similar camber-line distribution.

= 0 Each airfoil camber line will be input.
: 1 Camber-line distribution will be the

same for all airfoils and need be

input only for the first.

65 ISIMT AIRCFT

Il
Flag for similar thickness distribution.
: 0 Each airfoil-thickness distribution

will be input.
= l Thickness distribution will be the

same for all airfoils and need be

input only for the first.

62



J

General-airfoil control-flag card (Continued)

Routi ne

Col umn Cod____ee Format Explanation

70 MORE AIRCFT
Il

Flag to indicate stacking of general-
airfoil surfaces.

= 0 This is the last surface.

= l Another surface follows and a com-

plete set of arbitrary-airfoil

input cards is expected i_Tediately

following this set.

73-76 SURFID AIRCFT

A4
Surface identification to be punched in

fields 73-76 of the Output-Element-Data

Type 3 Cards. Any acceptable machine
characters.

Airfoil percent-chord-location card(s) (lOFT.O, lOX):

Routine

Column Cod____ee Format Explanation

I-7 XOC(1)
8-14 XOC(2)

15-21 XOC(3)
22-28 X0C(4)
29-35 XOC(5)
36-42 XOC(6)
43-49 XOC(7)
50-56 XOC(8)
57-63 XOC(9)
64-70 XOC(IO)

I-7 XOC(ll)

etc. etc.

AIRCFT

1OF7.0
Table of percent-chord locations that are
to be used for the airfoil-thickness and

camber distributions. Each card may

contain up to lO fields, if more are

required continue with additional cards

of the same format. Use as many fields

as is specified by NAFORD (field 34-35)
on the General-Airfoil Control-Flag Card.

Maximum number of fields is 30 (3 cards).

Fields 73-80 of each card may be used for

identi fication.

Airfoil-orientation cards (lOF7.0, fOX):

Routi ne
Col umn Code Format

I-7 AFORG(I,I)

8-14 AFORG(I,2)

15-21 AFORG(I,3)
22-28 AFORG(I,4)

29-35 AFORG(I,5)

36-42 AFORG(I,6)

43-49 AFORG(I,7)

AIRCFT

lOF7.0

Expl anati on

X-coordinate of the airfoil leading edge.

Y-coordinate of the airfoil leading edge.

Z-coordinate of the airfoil leading edge.

X-coordinate of the airfoil trailing edge.

Y-coordi nate of the airfoil trailing edge.

Z-coordinate of the airfoil trailing edge.

Airfoil roll angle ¢ in degrees.

73-80 May be used for identification.
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Airfoil-orientation cards (Continued)

Note: Repeat this card for all airfoils, starting with the inboard-root

airfoil and working to the outboard-tip airfoil. The number of

these cards is given by the value of NAF (field 29-30) of the

General-Airfoil Control-Flag Card and must not be greater than 20.

Airfoil camber-distribution cards (lOF7.0, lOX):

Required only if NCAM = l on the General-Airfoil Control-Flag Card.
If NACA = 2, use wing camber cards (see p. 47)

Routine

Col umn Code Format Expl anation

I-7 AFCAM(I ,l)
8-14 AFCAM(I ,2)

15-21 AFCAM(1,3)

22-28 AFCAM(I ,4)

29-35 AFCAM(1,5)

36-42 AFCAM(I,6)

43-49 AFCAM(I ,7)

50-56 AFCAM(I ,8)

57-63 AFCAM(I ,9)

64-70 AFCAM(I ,lO)

I-7 AFCAM(I ,ll)

etc. etc.

AIRCFT

lOF7.0
Mean-camber line distribution, in percent-

chord, at each percent-chord location XOC.

Use as many cards as required with I0
numbers on each card. Each airfoil must

have as many numbers as was specified by

the parameter NAFORD (field 34-35) on the
General-Airfoil Control-Flag Card (30 max-

imum). There will be as many sets of
cards as given by the parameter NAF (field

29-30) on the General-Airfoil Control-Flag
Card. The first value for each airfoil

should start on a new card. If parameter

ISIMC = l (field 60 of General-Airfoil

Control-Flag Card), only one set of cards

is required. Fields 73-80 may be used
for identification.

Airfoil thickness-distribution cards (lOF7.0, lOX):

Ro uti ne

Col umn Code Format Explanation

1-7 AFORD(I ,l)

8-14 AFORD(1,2)

15-21 AFORD(1,3)

22-28 AFORD(1,4)
29-35 AFORD(I ,5)

36-42 AFORD(1,6)

43-49 AFORD(1,7)

50-56 AFORD(1,8)

57-63 AFORD{_,9).64-70 AFORD( ,lO;

l-7 AFO RD(I, lI)

etc. etc.

AIRCFT

lOF7.0
Airfoil thickness coordinates, in percent

chord, at each percent-chord location XOC.

Use as many cards as required with lO
numbers on each card. Each airfoil must

have as many numbers as was specified by

the parameter NAFORD (field 34-35) on the
General-Airfoil Control-Flag Card (30

maximum). There will be as many sets of

cards as given by the parameter NAF (field
29-30) on the General-Airfoil Control-Flag
Card. The first value for each airfoil

should start on a new card. If parameter

ISIMT = l (field 65 of General-Airfoil

Control-Flag Card), only one set of cards

is required. Fields 73-80 may be used
for identi fication.
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Airfoil thickness-distribution cards

Routine
Coi umn Cod_____e Format

(Continued)

Explanation

Note: Data are input as I/2 of total
thickness values (i.e., if

t/Ctota I = 0.04, then input

AFORD = t/c = 2.0%).

I
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AERODYNAMIC PROGRAM INPUT DATA

The Aerodynamic portion of the program contains four major options:

I. Flow-Field Analysis

3. Inviscid Pressures

5. Special Routines

7. Shear

Access to these major options is obtained by use of the AERO Option on the

System-Control-Card input to the Main-Executive Routine. All four of the

above major options are controlled by an executive routine called AERO.

The input data to the AERO Executive Routine includes a set of flags (IPG) to

determine the sequence of calls to the above four options. Up to 20 calls may

be made to the various options on a single entry into the AERO-Executive Routine
After the last non-zero option is executed the program will return to the Main-

Executive Program. The basic flight conditions, vehicle reference dimensions,

and the Angle-of-Attack and Yaw-Angle Cards are input to the AERO-Executive

Routine and apply for all of the AERO Options called by the IPG commands.

Input to AERO-Executive Routine

Aero-system title and control card (lOA4, 5Al, 2Il, 3XI3, 2XI4, 4Il, F9.4). -

Routi ne

Col umn Code Format Explanation

1-40 TITLE AERO

lOA4, 5Al

Title to be printed for AERO Option.

46 ISVFMS AERO

Il
Flag to save the forces, moments, and
shears on Unit 20.

= 0 Do not save data.

= l Save new case on existing data set.

= 2 Replace existing case on existing
data set.

= 3 Generate a new data set.

47 ISVSPL AERO

II
Flag to save the Surface-Spline

pressure-distribution data on Unit 21.

= 0 Do not save data.

= l Save new data on existing data set.

= 2 Replace old data on existing data
set.

= 3 Generate a new data set.
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Aero-system title and control card (Continued)

Routi ne

Column Code Format Explanation

51-53 IRUNID AERO

I3
Run ID number of the input data.

56-59 ICORID AERO

14
Correlation ID number of the input data.

60 ICKPRT AERO

II

61 IPLTCP AERO

Il

Flag for special print of spline data

and Cp data.

= 0 No special print.

= I Special print on.

= 2 Detail print on element Cp.

Flag to save Cp row data on Unit 16.

= 0 Do not save data.

= 1 Save new Cp data on existing data
set.

= 3 Generate a new data set.

62 IBETA AE RO

II
Beta-Case Flag.

= 0 Not a beta case (B=O).

= l Beta case at input value of beta
(CC's 64-72).

63 IWRIT AERO

Il
Shear-Option Input and Special-Print

Flag.

°1=I

=2

=3
=4

Special-Print Flag Levels;

= O, minimum print

= 4, most detailed print

If IWRIT <5, predefined parameters will

be used. If IWRIT >5, card input will

be expected in the Shear Option and

Print Option determined by the value of

(IWRIT-5). For example, input IWRIT = 8

will indicate card input and the third

level Special-Print Option.

64-72 BETA AERO

F9.4
Sideslip angle (B).
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Aero-fla 9 card (2011, 5X, 12, II). -

Routine

Col umn Code Format

l IPG(1) AERO
2011

2 IPG(2)

Explanation

Aerodynamic sub-options to be used in

the order in which they will be solved.
Maximum of 20.

3 IPG(3) = l Flow Field Analysis.

etc. etc. = 3 Inviscid Pressures.

20 IPG(2) = 5 Special Routines.

: 7 Shear.

26-27 NTAPE AERO

I2
(Not Acti ve)

28 IREP AERO

II
Next Empty Record Pointer Control Flag.

=0 Surface property data will be saved

right after the geometry data on

Unit 4 (if IFSAVE = l on the
Pressure-Method Card). That is, the

parameter NEXT is set equal to the

next record after the geometry data.

Previous Surface-Property Data saved
will be lost. This is the normal

program option.

=l Surface-Property Data will be saved

right after the end of the previously

saved Surface-Property Data instead

of right after the geometry data.

Previous Surface-Property Data saved

will not be lost. This option is

used on the second entry into AERO
when a different set of vehicle

panels are to be analyzed, and if

previously saved Surface-Property
Data are not to be lost.

Flight-condition card (4FlO.O, If, I2, 7XFIO.O). -

Routine

Col umn Cod_____e Format Expl anation

l-l0 MACH AERO

FlO.O
Free-stream Mach number. (Not used if

INPUTD = 0 on the Executive-Flag Card.)

i."
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Flight-condi tion card (Continued)

Routine

Col umn Code Format
l

I1-20 ALT AERO
FlO .0

21-30 PSTAG AERO

FlO.O

31-40 TSTAG AERO

FlO.O

41 IGAS AERO

Il

42-43 NAB AERO

12

51-60 AMBP AERO

FlO.O

Reference-dimension card (6FlO.O). -

Routine

Column Code Format

l-lO SREF AERO

FIO.O

I1-20 MAC AERO

FlO.O

21-30 SPAN AERO

FlO.O

31-40 XCG AERO

FlO.O

41-50 YCG AERO

FlO.O

51-60 ZCG AERO

FlO,O

E_lanation

Not used by MARK IVS, but is printed in

the Inviscid-Pressures Output.

Not used by MARK IVS.

Not used by MARK IVS.

Gas-Selection Flag.

= 0 Air properties will be used.

= I Helium properties will be used.

Number of a-B Cards to be read. A

maximum of 20 cards are permitted.

Engine by-pass mass flow, used for case
identification only (not used if INPUTD

= 0 on the Executive-Flag Card).

Explanation

Reference area for the force coefficients

(wing area). Must be in units consistent

with input-scaled-geometry data.

Reference length to be used in pitching-
moment calculations.

Reference length to be used in rolling-

and yawing-moment calculations.

Longitudinal position of center of grav-

ity for moment calculations. Note that

XCG will frequently be input as a negative

number since the negative X-axis is usually
taken as directed from the nose to the

tail.

Lateral position of the center of gravity.

Usually = 0.0.

Vertical position of the center of

gravity.
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drab

a-@ cards (7FlO.O). -

The number of these cards to be input is controlled by the parameter NAB.

The complete set of _-B Cards is assumed to be used by all the AERO Options
unless the various options specify otherwise.

Routine

Col un_ Code Format Explanation

l-lO ALPHA(I) AERO

FlO.O
Vehicle angle of attack (e), deg. (Not

used if INPUTD = 0 on the Executive-Flag
Card).

I1-20 BETA( I) AERO

FlO.O

21-30 ROL(1) AERO

FlO.O

Vehicle sideslip angle (B). Positive

with the wind striking the right side of
the vehicle, deg. (Not used if INPUTD =

0 on the Executive-Flag Card).

Not used by MARK IVS.

31-40 CDELTA(I) AERO

FlO.O
Not used by MARK IVS.

41-50 QI(1) AERO
FlO.O

Not used by MARK IVS.

51-60 RI(1) AERO
FlO.O

Not used by MARK IVS.

61-70 PI(1) AERO

FlO.O
Not used by MARK IVS.

Note: The above parameters are stored in data arrays. A maximum of 20
conditions are permitted.

L

Flow-Field Program-Input Data

The Flow-Field Program is used to load the pressure-coefficient (Cp) data for

use in calculating the forces. These data are stored on the Flow-Field Data

Storage Unit (lO) using mass-storage (random access) techniques. The unit

contains several directory tables to provide the necessary pointers to each

level of data. These include a Master Directory, an a-B Directory for each

data set (Mach nun_er) that provides the pointers to each a-B set, a Region
Directory Table for each new _-B set that points to the Flow-Field Table,

which in turn points to the surface Cp data. It is important to be thoroughly

familiar with the way that these tables are generated and used. Subroutine

FLOW should be studied to obtain this knowledge. The general manner in which

the flow-field information is stored is summarized in Section 5.
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Flow-Field Data

The input cards described below control the generation and use of the Flow-

Field-Storage Unit Directories and Tables and the pointers that they contain.

In general, options are provided for either reading data already stored on the

unit and printing them on the output unit for inspection, or the actual loading

of the flow-field data. The cards described below are concerned with the gen-
eration and use of the directory tables. Subsequent input-card descriptions

will give the input requirements for each of the methods actually used in load-

ing or generating the flow-field data itself using the directory tables that

have been prepared.

Master-directory title card (IIl, 19X, lOA4). -

Routine

Col umn Code Format Explanation

l MFLAG FLOW

II
Master-Directory-Status Flag.

= 0 Set up complete new Master-Directory
Table.

= I Directory Table already exists, so

just use old pointers.

21-60 TITLEM FLOW

lOA4
Master-Directory Title. This title is

only used when MFLAG = O.

Master-directory data-set card (211, IX, II, F6.0, lOX, lOA4). -

This card is used to establish the different sets of data; i.e., different
Mach numbers.

Routine

Col umn Code Format Expl anati on

l LASTS FLOW

Il
Last-Set Flag.
= 0 This is not the last set of data.

= l This is the last set of data.

2 _;NEWS FLOW

Il
New-Set-Di rectory Flag.

= 0 Set up a new Set-Directory Table.

= l The desired Set Directory already

exists so just read the pointers to

get the desired set.

= 2 A new Set Directory will be added

and the Master Directory Pointer

updated.

4 NSET FLOW

Il

Data-Set NLm_er. Maximum of 5 permitted.

(must be = l if NEWS = O)
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Master-directory data-set card (Continued)

Ro utine

CoIumn Code Forma t
1

5-10 MACH FLOW

F6.0

Explanation

Mach number. This does not have to be

the same as was input to AERO.

21-60 TITLES FLOW

lOA4
Set Directory Title. This title is used

only when NEWS = O.

a-@ set directory-table card (211, I2, 2F6.0, 4X, lOA4). -

Routine

Col umn Code Format Explanation

l LASTAB FLOW

Il
Last _-B Set Flag.
= 0 This is not the last _-B set.

= l This is the last _-B set.

2 NEWAB FLOW

II
New _-B Set Flag.

= 0 Set up a new _-B Set Directory Table.

= l The _-B Set Directory Table already

exists so just read the pointers to

get to the desired _-B set.
= 2 A new _-(3 set will be added to the

set table that already exists.

3-4 IAB FLOW

12
_-B Set Number. Maximum of 20 permitted.

5-I0 ALPHA FLOW

F6.0
Angle of attack, _. This does not have

to be the same as was input to AERO.

ll-16 BETA FLOW

F6.0
Yaw angle, 8. This does not have to be

the same as was input to AERO.

21-60 TITLEA FLOW

lOA4
Title for the _-B Set Directory Table.

This title is only used when NEWAB = O.

Region-directory-table card (2Il, I2, 4Il, 12X, lOA4). -

Routine

Column Code Format Explanation

l LASTR FLOW

Il
Last-Flow-Region Flag.

= 0 This is not the last-flow region.

= l This is the last-flow region.
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2 NEWR FLOW

II
New-Region-Set Flag.

= 0 Set up a new-region-set directory.

= l The Region-Set-Directory Table

already exists so just read the

pointers to get to the desired flow

region.



Region-directory-table card (Continued)

Routi ne

Col umn Code Format Explanation

=2 A new flow region will be added to

the Region-Set-Directory Table that

already exists.

3-4 IREG FLOW

I2
Flow-Region N umber.

5 IDTYP(1) FLOW
Il

Data-Type Flag.

= 2 Surface-property data will be read
or loaded.

Note: When accessing an existing data

set, IDTYP(1) is overwritten by a
value on the data set.

6 ISORCE FLOW

Il
Not used by MARK IVS.

7 IRW FLOW

Il
Data Read or Write Flag.

= 0 Data will be input or generated by

one of the sub-options and the flow-

field data saved on the Storage Unit

(lO).
= l Data will be read from the Flow-

Field-Data Save Unit (lO) and written

out on the output file.

21-60 TITLER FLOW

IOA4
Title for the Region-Directory Table.

This title is only used when NEWR = O.

Surface-Data-Transfer Option

This option is used to hand load surface data on Unit lO. This option may
also be used to transfer surface data (that has been previously stored by

FORCE) from Unit 4 to Unit lO. The Surface-Data-Transfer Option is exercised

only if IDTYP(1) = 2 on the Region-Directory-Table Card. If IRW=I, then this

option may be used to read and print out surface data previously stored on
Unit lO.

The surface data (i.e., pressure coefficients) are stored on Unit lO and will

be recalled for use in the surface-spline interpolation routine to determine
the values at the element centroids in order to calculate the forces. The

surface spline, or any other interpolation scheme, needs to be specified in

appropriate coordinates to do the job correctly. For example, consider the

flow over a swept wing. Interpolation relative to the space coordinates used

to define the quadrilateral elements will produce erroneous results. The
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interpolation must be done in coordinates consistent with the physics of the
problem and for flow on a swept wing, distance from the leading edge and dis-
tance along the span would be proper.

In addition, the surface spline, due to the nature of the basic solution
(symmetric point load), works best in a one-to-one domain of the independent
variables. For the swept wing, coordinates of relative chord (x/c) and rela-
tive span (y/b) would be used to define a range from 0.0 to l.O for both
vari ables.

The process of selecting and scaling the appropriate coordinates is referred
to as normalization. The local coordinate system is defined at this time on
the Flow-Field Control and Plane-Orientation Card, and the choice of independ-
ent variables and scaling are indicated on the Input-Pressure-Option Cards,
described later. The normalization procedure is described as follows.

Surface-data normalization. -

The surface data, input in body reference coordinates (xr, yr, zr) is first

transformed to the required local system (x, y, z). The local system is

defined by a translation (Xo, Yo' Zo) and a rotation (¢o' eo' ¢o j"

r

7

/
/

//

//I I

tCx"J I
I
I
I/

The local coordinates (x, y, z) are given by

Ix, y, z] = [T] [xx, yy, zz]

where

[T] = [

(cOSeoCOS¢ o) (cOSeoSin¢ o) (-sine o) ]-

(-cOSeoSin¢o+Sin¢oSineoCOS¢ o) (cOS¢oCOS¢o+Sin¢oSineosin¢o) (sin¢oCOS¢o) I

(sin¢oSin¢o+COS¢osinBoCOS¢ o) (-sin¢oCOS¢o+COS¢oSineoSin¢ o) (cos¢ocOSeo) ]
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and
XX = xr - x 0

yy = yr - Yo

ZZ = zr - z 0

Also calculated are the axial, radial, and meridian coordinates:

A=x

R = (y2 + z2)I/2

¢ = ARCTAN (y/-z)

Six coordinates (x, y, z, A, R, ¢) are now available in the local reference

system and the pair of independent variables to be used for interpolation are

selected by the input flag INORM. The five options available are;

INORM = O,

INORM = l,

INORM = 2,

INORM = 3,

INORM = 4,

¢ = f(A, R)

z = f(x, y)

y = f(x, z)
x = f(y, z)
R : f(A, ¢)

To scale the data, the surfaces are grouped into two types: bodies and lifting

surfaces (indicated by the input _ag ISURF = 0 and l, respectively). More

complex surfaces may be composed from combinations of these two types. In

addition, four boundary points must be input to scale the data. These points

are input in the body-reference system and transformed to the six local coor-
dinates. The boundary data are used differently for each surface type. An

example of the use of the boundary data for each of the two surface types is
discussed below.

I. Bodies (ISURF = O)

Consider a fuselage with approximately an axially-symmetric cross-section

shape about the X-axis.

J

Y
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For this case the obvious choice of independent variables is the axial
coordinate (A) and the meridian angle (¢) (i.e., INORM= 4).

The following boundary data are input:

XB(1) : Xl XB(2) : XN
YB(1) : 0.0 YB(2) : 0.0
ZB(1) : 0.0 ZB(2) : 0.0

XB(3) = 0.0 XB(4) = 0.0
YB(3) = 0.0 YB(4) = 0.0
ZB(3) =-l.O ZB(4) = l.O

The interpolation will be performed over the length of the body (XI<X<XN)
and for (0 <_¢ <__7). , --

If there happen to be large variations in flow properties between ¢= 0
and ¢ = _ (because of large _, or MJ, then the interpolation could be

segmented. For example, use three segments with ranges (0.0 _< ¢i _< 60°),

(60o _ ¢2 _120°) and (120 ° _¢3 _180°) • Since the surface spline is a
global fit, segmenting will relax the constraints that must be met.

II. Lifting Surface (ISURF = l)

Consider a wing whose leading edge and trailing edge are approximately in

the x, y plane. The flow properties on a liftin 9 surface vary essentially
with relative chord (x/c) and.relative span (y/b) and the surface should

be normalized with respect to these parameters. Therefore, use INORM = I.

! . .
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4

The four boundaries are input as indicated on the sketch. They are first
transformed to local coordinates and the following parameters calculated:

Root Chord,

Tip Chord,

Local Span,

CR = XB(2) - XB(1)

CT = XB(4) - XB(3)

B = YB(3) - YB(1)

The normalized coordinates (x/c, y/b) for a given point on the surface

(x, y, z) are

x/c = (x - XLE)/CY

y/b = (y - YB(1)/B

where XLE = XB(I) + [XB(3) - XB(1)] * y/b

and CY = CR + (CT - CR) * y/b

Flow-field control and plane-orientation card (ll, 14, Il, 4X, 6FlO.O). -

This card is input only if IDTYP(1) = 2 and IRW = O.

Routine

Column Code Format Explanation

l NSREG FFSURF
Il

Total nu_er of sub-regions to be hand
loaded or transferred from Unit 4 to

Unit lO. (Assumed at least = l).

2-5 IFCl FFSURF

I4
Nu_er of data points to be read from
the input unit (hand loading of surface

data). If IFCI input = O, then the data
will be read from Unit 4 and loaded on to

Unit lO.

6 ITFLAG FFSURF

Il
= 0 Surface-property data will be

input.

= l Surface-pressure-coefficient data

will be input.

II-20 DAT(I ) FFSURF
FIO.O

21-30 DAT(2) FFSURF

FlO.O
Y_

31-40 DAT (3) FFSURF
FlO.O

41-50 DAT (4) FFSURF

FlO.O
PSI_

w
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Flow-field control and plane-orientation card (Continued)

Ro utine

Col umn Cod__ee Format Explanation

51-60 DAT(5) FFSURF THET_)
FlO.O

61-70 DAT(6) FFSURF PHI_
FlO.O

Hand-loaded surface-pressure-coefficient-data cards (4FlO.O). -

These cards are used to hand load surface-pressure-coefficient (Cp) data

directly on the Flow-Field Unit lO. These cards are input only if

IFCI_O, ITFLAG = l, and INPUTD=O (in Executive-Flag Card). Each card

contains the x, y, z coordinates and Cp. This card is repeated until the

required number of data points has been read-in as specified by the IFCl
counter.

Routine

Col umn Code Format Expl anation

l-l0 X FFSURF
FlO.O

X-coordinate of the surface point.

ll-20 Y FFSURF

FlO.O

Y-coordinate of the surface point.

21-30 Z FFSURF

FlO_O

Z-coordinate of the surface point.

31-40 Cp FFSURF
FlO.O

Pressure coefficient of the surface

point.

Hand-loaded surface-property-data cards. -

These cards are used to hand load surface-property data directly on the Flow

Field Unit lO. These cards are input only if IFCl _ 0 and ITFLAG = O. Two

cards are required for each data point. The first card contains the X, Y, Z
coordinates and the second card has the surface-velocity-vector data. Each

pair of cards is repeated until the required number of data points has been

read in as specified by the IFCl counter.

Surface-data-coordinate card (6FlO.O):

Col umn Cod__._ee

l-lO DATA(1)

Routine

Format

FFSURF

FlO.O

Expl anati on

X-coordinate of the surface-data point.

I1-20 DATA(2) FFSURF
FlO.O

Y-coordinate of the surface-data point.



Surface-data- coordinate card (Continued)

Routi ne

Col umn Code Format

21-30 DATA(3) FFSURF
FlO .0

Explanation

Z-coordinate of the surface-data point.

31-40 DATA(4) FFSURF (not used)
FlO.O

41-50 DATA(5) FFSURF (not used)
FlO.O

51-60 DATA(6) FFSURF (not used)
FlO.O

Surface-data-property card (6FlO.O):

Routine

Col umn Code Format

lI-I0 DATA(7) FFSURF
FlO.O

Explanation

Surface Mach number.

I1-20 DATA(8) FFS URF
FlO.O

X-direction cosine component of the

surface-velocity vector.

21-30 DATA(9) FFSURF
FlO.O

Y-direction cosine component of the
surface-vel oci ty vector.

31-40 DATA(I O) FFSURF
FlO .0

Z-direction cosine component of the

surface-velocity vector.

41-50 DATA(I l) FFSURF
FlO.O

P/P at the surface point.

51-60 DATA(12) FFSURF
FlO.O

T/T at the surface point.

If this option is used, then the number of sets of these data furnished
after the Flow-Field Control and Plane-Orientation Card must be = NSREG.

Surface-data panel-selection card (lOI2). -

This card is used when surface data are to be transfered from Unit 4 to

Unit lO by the FFSURF Routine. This card is input if IFCl = 0 on the
Flow-Field-Control and Plane-Orientation Card. The parameters input on

the Surface-Data Panel-Selection Card identify the geometry panel numbers

on Unit 4 (that also have had surface data stored by the FORCE Routine)

that are to be grouped together to form the surface data region. In

subsequent calculations each surface sub-region set of data are fit at

one time with the Surface-Spline Routine for interpolation purposes. It
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is therefore important that the geometry panels grouped together form a

regular surface (one that does not have rapid local changes in character

that might fool the Surface-Spline Routine and give bad interpolation
values).

Routi ne

Col umn Cod___ee Fomat Expl anati on

I-2 IPANL(1) FFSURF
I2

3-4 IPANL(2) FFSURF
12

Panel number of geometry data on Unit 4

(including surface-velocity-vector data)

to be grouped to form a sub-region on the

Flow Field Storage Unit lO. A total of

lO panels may be used for one sub-region.

5-6 IPANL(3) FFSURF
12

7-8 IPANL(4) FFSURF
I2

9-I0 IPANL(5) FFSURF
I2

ll-12 IPANL(6) FFSURF
12

13-14 IPANL(7) FFSURF
I2

15-16 IPANL(8) FFSURF
I2

17-18 IPANL(9) FFSURF
I2

19-20 IPANL(IO) FFSURF

I2

If this option is used, then the number of these cards is equal to NSREG.

Pressure-Calculation Program-Input Data

L

The Pressure-Calculation Program is reached by way of sub-option calls from
the Aero-Executive Routine. The sequence of calls to the FORCE Routine and

the saving and summation of force data is accomplished in routine PRES. The

geometry data for use by the PRES and FORCE Routines must be stored and

available on the Quadrilateral-Element-Storage Unit (4). The Geometry Options

must be used to accomplish this storage. An input to routine PRES specifies

how the vehicle Panels are to be grouped to form vehicle Components for the

force analysis. These selections are made by using the Panel Sequence Nun_oers

assigned by the Geometry Program (the Panels are numbered in the order in

which they are placed on the Quadrilateral-Element-Storage Unit (4)).
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Title card and basic flags (12, II, 3X, 15A4). -

Ro utine

Col umn Cod____e Format Expl anati on

I-2 NCOMP PRES
12

Total number of vehicle Components to be

analyzed. Each Component may consist of

one or more vehicle Panels. The grouping

of Panels to form Components is controlled

by the Component-Organization Card below.

3 IFSAVE PRES

Il
Force-Data-Save Flag.

= 0 Set up a new Unit 9 Force-Data Save

File. Save component force data.

= l Save force data. Use existing Unit

9 Force-Data File and just add a new
set to it.

= 2 Do not save force data.

7-66 TITLE PRES

15A4
Title to be printed out at the top of the

force-data output.

Component-organization card (lOI2, 3II). -

Routine

Col unm Cod____e Format Explanation

I-2 IPANL(1) PRES
I012

3-4 IPANL(2)

5-6 IPANL(3)

etc.

19-20 IPANL(IO)

The identification numbers for all of the

Panels on the Quadrilateral-Element-

Storage Unit (4) that are to be grouped

together to form this vehicle Component.

Up to a maximum of 10 Panels may be

grouped together to form a Component.

All the elements in a given Component

will be analyzed using the same pressure-
calculation method.

Note: The number of sets of Component-Organization, Pressure-Method

Cards, and Input-Pressure Option Cards must be = NCOMP.

21 IPM PRES

Il

Pressure-Method-Card Flag.
= 0 Pressure-Method Cards will be read

for each _-B.

=l Read only one Pressure-Method Card

and assume that it will apply for

all the :-B's for this component.

=2 Use the same Pressure-Method-Data

Set as was used for the previous

vehicle Component. No Pressure-

Method Cards will be input.
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Component-organization card (Continued)

Routi ne

Col umn Cod__._ee Format Explanation

22 INT PRES

Il
Not used by MARK IVS.

23 ISHEF PRES

II
Not used by MARK IVS.

Pressure-method cards (212, 311, 3X, 6FIO.O). -

The Pressure-Method Cards are used to specify what pressure-calculation

methods are to be used for each vehicle component. The only method

active in the MARK IVS program is the Input Cp Option IPIN = l, cc6).

The number of Pressure-Method Cards to be input is controlled by the

parameter IPM on the Component-Organization Card. If IPM = O, then the

number of Pressure-Method Cards must be equal to the parameter NAB as

input on the Flight-Condition Card to the AERO-Executive Routine.

Routine

Col un_ Code Format Explanation

1-2 IMPACT PRES

I2
Not used by MARK IVS.

3-4 ISHAD PRES

I2
Not used by MARK IVS.

5 IPRINT PRES

II
Print Flag. This flag controls the

printing of the cleta.tlecl:force charac-
teristics of each vehicle element.

= 0 Do not print detailed element-force
data.

=l Print detailed force contributions

for each element (a large amount of

output will be produced and machine
time will increase).

= 2 Print detailed local-property cal-
culation and iteration results.

6 IPIN PRES
Il

Non-uniform Input Cp-Table Flag.

= 0 Input Cp Table will not be used.

=l Input Cp Table will be used. Input

Pressure-Option Cards will be input.

This option may be used to input

wind-tunnel-pressure data in order
to obtain resultant vehicle forces.
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Pressure-method cards (Continued)

Routine

Col umn Code Format Explanation

7 ISAVE PRES
II

Save Surface-Property-Data Flag.

=0 Do not save the surface-property
data (local-surface Mach number,

PT/P_, T/T®, etc.).

=l Save surface-property data on Unit 4.

This option must be used to store

data that is required bj/ the Shear
Option. These data may also be used

in the Surface-Data-Transfer Option.

ll-70 PDATA PRES

6FlO.O
Not used by the MARK IVS.

Input-pressure option. -

The Input-Pressure-Option Cards are used when the vehicle component forces are

to be calculated using pressure data previously stored on the Flow-Field-Data

Unit lO. For example, the forces on a particular component may be calculated

using experimental results which have been previously stored on Unit lO by use

of the Flow-Field-Data Hand-Load Option.

Pressure data are available at a limited number of discrete locations on the

component. The forces are calculated by summing the contributions of all the

elements that make up the component. The function of the Input-Pressure Option

is to obtain the value of pressure at the centroid of each element. This is

accomplished by interpolation using the Surface-Spline M_thod and, as in the

other applications of this method, proper normalization of the coordinates is

required to obtain meaningful results (see the section on Surface-Data-Transfer

Option for a discussion of surface-data normalization). The use of the Input-

Pressure Option is controlled by the parameter IPIN on the Pressure-Method

Cards. If IPIN = O, no Input-Pressure Cards are read: If IPIN = l then a set

of Input-Pressure Option Cards will be required. Since the parameter IPIN is
used for each m-B, a set of Input-Pressure Cards will be needed for each _-B

for which IPIN = I.

A set of Input-Pressure-Option Cards consists of five cards; a Surface-

Property Access-Flag Card and four Normalization-Data Cards.
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Surface-propertx access-fla 9 card (II, 312, 311, 1012, 511, 4X, 14):

Routi ne

Col umn Cod.___e Format Expl anati on

1 LASTR CPINPT (Not active)
II

2-3 NDSET CPINPT

I2

Data-Set Number where surface-data

properties will be found on Unit lO.

4-5 IABSET CPINPT

I2

e-B Set Number where surface-data

properties will be found on Unit lO.

6-7 IR CPINPT

12
Flow-Region Number where surface-data

properties will be found on Unit lO.

8 INORM CPINPT
II

Normalization Flag for surface-property

spline interpolation. The surface-

property data are stored at varying
X, Y, Z locations. However, it is

usually best to convert the X-Y-Z
coordinates to some combination of

other coordinates for the spline

interpolation (axial distance, A;
radial distance, R; radial angle, ¢).

For example, on a body of revolution A

and ¢ would be best. For a wing X and
Y. For a vertical tail, X-Z. The

avail able flags are:

= 0 ¢ = fn(A,R)

= l Z = fn(X,Y) (i.e., wings)

= 2 Y = fn(X,Z) (i.e., vertical tails)

= 3 X = fn(Y,Z)

= 4 R = fn(A,¢) (i.e., body of revoluation)

9 ISURF CPINTP

Il

Surface-Boundary-Normalization Flag.

This flag determines how the normalization

data input on the next card will be used

by the program in the normalization for

the spline interpolation and for estab- i

lishing the boundary limits for the

interpolation.
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Surface-property access-flag card (Continued)

=0 The input values for XB(1), YB(1),

ZB(1) and XB(2), YB(2), ZB(2) will
be used to establish the normaliza-

tion limits for the first variable

(i.e., if INORM = 4, they will
determine the limits of the axial

distance, A). The input values for
XB(3), YB(3), ZB(3) and XB(4), YB(4),

ZB(4) will be used to establish the

normalization limits for the second

variable (i.e., if INORM = 4, they
will determine the limits of the

angular coordinate, ¢).

=l The surface is assumed to be of a

wing or tail type and the XB, YB, ZB

normalization limits input on the
next cards will be used to establish

a chordwise-spanwise normalization
The point XB(1), YB(1), ZB(1) is the

leading-edge point of the root chord,

and the point XB(2), YB(2), ZB(2) is

the trailing edge at the root The
point XB(3), YB(3), ZB(3) is the tip

leading edge, and XB(4), YB(4), ZB(4)

is the tip trailing edge.

lO IPF CPINPT
Il

Primary-Flow Flag. Not used in present
program. IPF is set = 0 by the program.

ll-12

13-14

15-16

17-18

19-20

21-22

23-24

25-26

27-28

29-30

ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(1)
ISR(lO)

CPINPT
I012

Subregion-Flow Number where surface-data

properties will be found on Unit lO.

If ISR(1) = O, all subregions associated

with flow-region IR (CC 6-7) will be used.

31 ISF(1) CPINPT

5If

Secondary Flow Number where surface data
will be found on Unit lO.

32
33
34
35

ISF(2)
ISF(3)
ISF(4)
ISF(5)

The Secondary Flow Numbers must be input
to be considered and if indicated, will

be used with both IPF = 0 and IPF = I.

85



Surface-property access-fla 9 card (Continued)

Ro utine

Col umn Cod____e Format Expl anation

40-43 NN CPINPT

14
Flag and counter for special Cp data

interpolation of fitted region.

= 0 No special interpolation.

=l Cp interpolation at coordinates of

row data previously stored on Unit
15.

>2 Cp values will be interpolated and
printed for an (NNXNN) array points
determined in the normalized

coordinates.

<-l Cp values will be interpolated and
printed for INNI input coordinates.

Normalization-data cards (3FIO.O) :

Four cards are required that contain the coordinates for the data-

normalization-limit process in the spline interpolation. The meaning

of the four points is determined by the parameter ISURF on the preceed-

ing card.

Routine

Col umn Code Format

l-lO XB(i) CPINPT
FlO.O

Explanation

XB coordinate

ll-20 YB(i) CPINPT YB coordinate
FlO.O

21-30 ZB(i) CPINPT ZB coordinate
FlO .0

i=Ito4

Special Cp Interpolation At Previously-Stored Coordinates

This option is used only when NN = l on the Surface-Property Access-Flag Card
and when IPLTCP # 0 on the Aero-System Title and Control Card. The coordinate

data is arranged as contours or rows on the vehicle surface and must have been

loaded and stored on Unit 15 prior to the MARK IVS run. The interpolated Cp

values are stored on Unit 16 for subsequent access by a plotting program. The

Cp values will be printed if ICKPRT # 0 on the Aero-System Title and Control

/

l
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Card• The coordinates used are determined by a geometry-panel number and a

row number which are input on two cards• More than one panel may be specified

as applicable to the pressure region (i.e., spline fit) in question, in which
case these two cards are repeated. This is controlled by the parameter MOREP.

If the requested point is not within the region boundaries, the Cp is set =
999.999.

Panel-number card (315)• -

Ro utine

Col umn Code Format Explanation

I-5 NPAN CPINPT Panel number.

I5

6-I0 NR CPINPT

15

Number of rows in NPAN to be considered.

If-15 MOREP CPINPT

15
Flag for additional panels.

= 0 This is the last panel.

= l This is not the last panel•

Row-sequence-number card (1415). -

Routine

Column Code Format Explanation

I-5 IRW(1) CPINPT
15

6-I0 IRW(2) CPINPT

• . I5

Row sequence number in panel NPAN from

which coordinates for Cp interpolation
will be determined• NR values will be

read (maximum of 14).

66-70 IRW(14) CPINPT
I5

Note: If MOREP = l, another set of these two cards will be expected next.

Special Cp-interpolation input-coordination cards (3FI0.3, 13, 314). -

This option is used only if NN<O on the Surface-Property Access-Flag
Card. One coordinate per card is input and the number of cards expected

= iNN I . If the point is not within the region boundaries, the parameter
IFLG is set = -l.

Routine

Col umn Code Format Expl anation

l-lO XX CPINPT X-coordinate.

FlO.3
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Special Cp-interpolation input-coordination cards

Routine

Col umn Code Format

I1-20 YY CPINPT

FlO.3

Expl anati on

Y-coordinate.

21-30 ZZ CPINPT Z-coordi nate.

FlO.3

55-57 IFLG CPINPT = 0

13

62-65 IR_W CPINPT Row nun_)er.*
14

69-72 JJ CPINPT

I4

(Conti nued)

77-80 IPAN CPINPT

I4

Point nunl)er in row.*

Panel nuni)er containing point.*

*The last three items are used to correlate with coordinates stored on

Unit 15 and are not essential inputs. They may be left blank•

Special-Routines-Option-Input Data

The Special-Routines Section of the program is reached by way of suboption

calls from the AERO-Executive Routine. The MARK IVS has only one option

available, the Summation Routine. The basic purpose of the Summation Routine

is to add together the aerodynamic-force coefficients of the separate vehicle

components as calculated in the Force Program. The components to be added are

selected by component nuni_er (sequence nun_)er in which they were placed on to

the Force-Data Unit 9). This option may also be used to punch force data from
the Force-Data-Save Unit (9) and/or to print out the force data.

Special-option-selection card (2Oil). -

Col umn Code

l IPG(1)

2 IPG(2)

3 IPG(3)

Routine
Format

SPEC

2Oil

Expl anati on

Special-Routines sub,options to be used

in the order given.

=l Summation Program will be called•

This program may be used to add,

print and punch force data saved

on the Force-Data-Save Unit (9).
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k.

Special-option-selection card (Continued)

Ro utine

Col umn Cod____ee Format Explanation

etc.

20 IPG (20 )

Summation-routine option:

This routine may be used to selectively sum, print, and punch data that has

been stored on the Force-Data-Save Unit (9) by the Force Routine. The results

of the summations may also be stored on the Force-Data-Save Unit. This is the

only option provided in the program for adding together the force contributions

of different vehicle components.

A maximum of 40 vehicle components may be included in a particular summation.

However, previously saved particular summations may also be recalled for

summation (ISUM=2). In this latter case, the desired summation sequence

numbers are input as the ICOMP parameters. Two cards are required for each
summation even if the second card is blank.

Summation-control cards (5If, I4, 2012/2012):

First card.

Routine

Column Cod_.._._e Format Explanation

1 LAST SUM

II
Last Control-Card Flag.
= 0 This is not the last control card.

Another control card will be expected

next.

=l This is the last control card.

Return to the AERO routine after

this card set of sum/print/punch

instructions is completed.

2 ISUM SUM
Il

Summation Flag.
= 0 Do not sum up Component forces.

= l Sum up all the vehicle components

as specified by the ICOMP parameter.

= 2 Sum up previously saved partial sums.

3 ISAVE SUM

Il
Data-Save Flag.
= 0 Save summation data on the Force-

Data-Save Unit (9).

= l Do not save summation data.
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Summation-control cards

Col umn Code

4 IPRINT

5 IPUNCH

6-9 IRUN

10-11 ICOMP(1)

12-13 ICOMP(2)

14-15 ICOMP(3)

etc.

48-49 ICOMP (20)

(Continued)

Routine

Format

SUM

Il

SUM

II

SUM

I4 /

SUM

2012

Explanation

Print-Control Flag.

: 0 Print out summmation data only.

Component data will not be printed.

=l Print component and summation data.

Print component data even if summa-

tion was not performed.

Punch-Control Flag.

= 0 Do not punch any data.

: 1 Punch summation data only.

= 2 Punch both component and summation
data.

The data will be punched in the following

order on a single card.

ALPHA, C N, C A, C M, C Y, C LN, C LL,

BETA, ICOR
The card format is as follows:

FORMAT (TFg.4, F7.2, IX, 14)

One identification card is punched for
each set.

Run number to be punched on the punched
cards.

Selected component-sequence numbers to be
summed, printed, and/or punched. These

numbers must correspond to the order of

the data placed on the Force-Data-Save

Unit (9) in the FORCE routine. For

example, if you wish to sum up com-
ponent numbers 5, 7, and II, then

input ICOMP(1)=5, ICOMP(2)=7, and

ICOMP(3)=II.
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Summation-control cards (Continued)

Second card•

Routine

Col umn Code Format

I-2 ICOMP(21 ) SUM
2012

3-4 IC0MP(22)

Explanation

Continuation of ICOMP array of first card.

39-40 INCOMP (40)

If LAST = 0 then another set of Summation-Control Cards will be expected next.
If LAST = l then the return to AERO will be called next.

Shear Option

The Shear Option was added to the MARK IVS to calculate the shear, bending

moment, and torque at various stations on the fuselage, wing, and vertical

surfaces, as well as the determination of elevon hinge moments on the YF-12A

configuration. Portions of the coding key on specific characteristics of the

YF-12A geometry and thus, in its present form, the Shear Option is applicable

only to the YF-12A.

The shear and moments may be calculated for five portions or components of the
vehicle:

I. Fusel age

2. Wing

3. Nacelle vertical

4. Nacelle ventral

5. Fuselage ventral

All five components must be considered and in the order given• This was done

to provide calculation efficiency since several of the components have contri-
butions to the others (e.g., the nacelle vertical and nacelle ventral contribute

to the wing shear and moments).

The shear (Cv), bending-moment (CB), and torque (CT) coefficients are summations

of the element-force coefficients: ACx, ACy, and ACN - the incremental forces

in the X-, Y-, and Z-directions, respectively, of the body-reference coordinate

system.
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Fuselage. -

The fuselage shears are calculated in the Z-direction and the bending-moments

are about a line parallel to the Y-axis. A torque or moment about the X-axis
is not calcualted.

SRe f XSHR

Cv
= SSH R

NOSE

aCN

.

SRe f XSHR

CB= _ _E]
SsHRbSHR NOSE

ACN(XCENT - XSH R) + ACx(ZcENT - ZSH R)

Wingo

The wing shears are defined normal to the wing mean plane which is at an

incidence angle iW with respect to the X-axis. The wing bending moments are

about a line defined by the intersection of the mean plane and a plane para-

llel to the XZ-plane containing the point (XsH R, YSHR' ZSHR)" The torque is

the moment about a line parallel to the Y-axis containing the _oint (XsH R,

YSHR' ZSHR)"

SRe f Y_R
CV-

WING TIP

ACN cosiW + aCxsin iW

SRe f ZSHR

CB = _E] ACv(YsHR-YCENT)
SsHRbSHR WInG TIP

+ ACy[ZcENT-(XcENT-XsHR)sin iw-ZsHR]COSi W

SRe f YSHR

CT= _E]
SSHR_SHR

WING TIP

ACN(XCENT-XsH R) + ACx(ZcENT,ZsH R)
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Vertical and ventral surfaces. -

The shears are defined normal to the mean plane of the surface which is at a

cant angle o with respect to the Z-axis. The bending moments are about a

line defined by the intersection of the mean plane and a plane parallel to

the XY-plane containing the point (XsHR, YSHR' ZSHR)" The torque is the

moment about a line determined by the intersection of the mean plane and a

plane parallel to the YZ-axis containing the point (XsH R, YSHR' ZSHR)"

CV =
SRf ZSHR

SSH R
TIP

ACycos e + AC N sin e

SRe f ZSHR

CB =
SsHRbSHR

TIP

ACy(ZcENT - ZSH R) + ACN (YsHR-YcENT)

SRe f ZSHR

CT= SSHR_SH R
TIP

ACv(XcENT-XsH R)

+ ACx[(ZcENT-ZsHR)sinB + (YcENT-YsHR)COS el

The parameters appearing in the above equations are defined as follows:

SRef is the reference area (wing area) (input on the
Reference-Dimension Card)

SSHR
is the area over which the shear force is integrated

(shear area)

bSHR

_SHR

XSHR,YsHR,ZsHR

XCENT'YCENT'ZCENT

is the span of the shear area (length for fuselage)

is the mean aerodynamic chord of the shear area.

are the coordinates of the shear and moment station.

are the coordinates of the centroids of the elements.

Elevon hinge moments. -

The elevon hinge-moment coefficients are calculated by using the element

geometry, its position relative to the hinge line, and the pressure coefficient

at the element centroid. The hinge-moment coefficient (CH) may be expressed as

the product of the pressure coefficient and a hinge-moment factor (HMFCT):

93



Elevon hinge moments. -

l

CH = SeEe

where

HMF CT

Cp

Se

(Continued)

(HMFCT) (Cp)

is the hinge-moment factor

is the pressure coefficient at the element centroid (_-_).

is the area of the elevon

is the mean aerodynamic chord of the elevon.

The hinge-moment factor is the product of the distance from the centroid of

the element to the elevon hinge line (AXElevon) and the element area (AA); i.e.,

HMFCT = (aXElevon)(aA)

The hinge-moment factors need only be calculated once and are done so on the

first call to the Shear Option. The HMFCT values are stored on Unit 4 and a
flag is set to so indicate.

Shear-option-input cards. -

The shears, bending moments, and torques were requested at specific locations

on the YF-12A configuration and, as a convenience, the necessary input data

has been predefined in the program. However, any desired location for these

calculations may be obtained by overwriting this information through the use

of input cards. This capability is selected by inputing the parameter
IWRIT>4 on the Aero-System Title and Control Card.

A set of Shear Input Cards is required for each of the five components and
must be in the following order:

Component Component

Order_ I Name

l Fuselage

2 Wing

3 Nacel Ie Vertical

4 Nacel Ie Ventral

Fuselage Ventral

The Elevon Deflection Cards, and the Hinge-Line Coordinate and Panel-Number

Cards must also be input.
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Shear component-description card (312):

Col umn Code

I-2 NSHST(I)

Routine

Fo rmat

SHEAR

12

Explanation

Number of shear stations (l minimum,
3 maximum).

3-4 NSBTP (I,l) Number of panels to be used in shear
calculation for s-case.

5-6 NSBTP(I,2) Number of additional panels to be used
in shear calculation for B-case.

Shear station-definition cards (6FlO.O):

One card is required for each new shear station requested (i.e., NSHST(1)
cards).

Column Code

l-lO XSHR

Routine

Format

SHEAR

FIO.O

Explanation

Shear-station X-coordinate.

II-20 YSHR SHEAR

FlO.O
Shear-station Y-coordi nate.

21-30 ZSHR SHEAR

FlO.O
Shear-station Z-coordinate.

31-40 SSHR SHEAR

FIO.O
Reference area for shear coefficient.

41-50 CSHR SHEAR

FIO.O
Reference length for moment coefficient.

51-60 BSHR SHEAR

FlO.O
Reference length for torque coefficient.

Shear panel-number-definition cards (1512):

Two cards are required for each shear station.

Routine

Col umn Cod_.__e Format Expl anati on

The first card defines the panels to be used for an s-case.

I-2 NOFP(I,I,I) SHEAR

I2
ID number of panels to be used in the

shear, moment, and torque calculations
for an o-case.
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Shear panel-number-definition cards (Continued)

Routi ne

Col umn Code Format Explanation

3-4 NOFP(2,I,I ) SHEAR
• . 12

NSBTP(I,I) values required (15 maximum).

29-30 NOFP(15,I,I) SHEAR
I2

The second card defines the additional panels to be used for a B-case.

1-2 NOFP(I ,1,2) SHEAR
12

ID number of additional panels to be

used in the shear, moment, and torque
calculations for a B-case.

3-4 NOFP(2,I,2) SHEAR
• . 12

NSBTP(I,2) values required (15 maximum).

29-30 NOFP(15,I,2) SHEAR
I2

A set of shear cards (Component-Description, Station-Definition,and Panel-

Number-Definition Cards) are input for each of the five components.

Elevon-definition cards (4FlO.O):

The reference area and length for each elevon are input for both sides of

the vehicle• Two cards are required.

Routi ne

Col umn Code Format Explanation

l-lO SEH(I ) SHEAR
FlO.O

Reference area for hinge-moment coeffi-

cient, inboard elevon.

ll-20 CEH(I ) SHEAR
FlO.O

Reference length for hinge-moment
coefficient, inboard elevon.

21-30 SEH(2) SHEAR
FlO.O

Reference area for hinge-moment coeffi-
cient, outboard elevon.

31-40 CEH(2) SHEAR
FlO.O

Reference length for hinge-moment

coefficient, outboard elevon.
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Hinge-line-coordinate card (12, 6FIO.O, 13) :

The hinge-line coordinates are the two end points of the elevon hinge
line, input in the order of increasing Y (i.e., YHL2 > YHLI). An addi-

tional Hinge-Line-Coordinate and Panel-Number Card will be expected
until LAST=I is input in CC's I-2.

Column Code

I-2 LAST

Routine

Format

HNGFT

12

Explanation

Last-Card Flag.
= 0 This is not the last card.

= 1 This is the last card.

3-12 XHLI HNGFT

FIO .0
First X-hinge-line coordinate.

13-22 YHLI HNGFT

FlO.O
First Y-hinge-line coordinate•

23-32 ZHLI HNGFT

FlO.O
First Z-hinge-line coordinate•

33-43 XHL2 HNGFT

FIO.O
Second X-hinge-line coordinate.

44 -52 YHL2 HNGFT

FlO.O
Second Y-hinge-line coordinate•

53-62 ZHL2 HNGFT

FlO.O
Second Z-hinge-line coordinate.

63-65 NIP HNGFT

I3
Number of panels for which the hinge-
moment factor will be calculated.

Panel-number card (3012) :

Col umn Cod__.ee

1-2 NI_FP(1)

Routine

Format

HNGFT

I2

Explanation

Panel numbers for which the hinge-moment
factor will be calculated•

3-4 NgFP (2) .

5-6 NgFP (3) •
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Panel-number card(Continued)

Routine

Column Code Format Explanation

59-60 NgFP(30) HNGFT
I2

Note that the Hinge-Line-Coordinate Card and the Panel-Number Card are read in

pairs.

Automated Input Assembler for AERO Option

The analysis of the YF-12A wind-tunnel data presented a special situation in
which a given configuration was to be considered for a very large number of

test conditions (in excess of lO00). If the input data were handled in the
normal manner, one would quickly be inundated with card decks.

The geometry, region definitions, and pressure tap locations remain the same

from run-to-run. The only changes for each run are certain control parameters

and the values of the measured pressure coefficients. To simplify the input

procedure, a subroutine (INPUT) was added to the MARK IVS to assemble the input
data from three auxiliary files:

Unit 17 - Aero Input Data, Alpha Case

Unit 18 - Aero Input Data, Beta Case

Unit 19 - Measured Pressure-Coefficient Data (corrected)

Unit 18 differs from Unit 17 in that both sides of the vehicle must be

described for a Beta case and thus twice as many regions are defined. Other-

wise the two units are very similar, consisting of card images of the required

Aerodynamic Program Input Cards beginning with the Aero Flag Card. The

pressure coefficient is obtained from Unit 19 by tap number and by position in
the Cn-data array. A slightly modified format of the Hand-Loaded Surface-

PressOre-Coefficient-Data Card is used to convey this information:

Column Code

I-I0 X

Routine
Format

Input
FlO.O

Explanation

X-coordinate of the surface point

ll-20 Y Input
FIO.O

Y-coordinate of the surface point

21-30 Z Input
FlO.O

Z-coordinate of the surface point

31-35 ITAP Input
15

Pressure tap number (a negative value is

used to indicate a pressure tap on the

opposite side of the vehicle)

36-40 LOC Input
15

Position in the Cp-data array
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The format of Unit 19 is as follows:

Record Word
Number Number Description

2

l ICOR,

2 CONF,

3 A(1),

4 A(2),

5 A(3),

6 A(4),

7 A(5),

8 A(6),

9 A(7),

lO A(8),

II A(9),

12 A(lO),
13 A(ll),
14 B(1),

15 B(2),

16 B(3),
17-631 CP(I),

Correlation ID number

Configuration
Angle of attack

Sideslip angle
Mach number

Reynolds number

Total pressure

Dynamic pressure

L.H. plug position

R.H. plug position

By-pass mass-flow ratio

Center-body-bleed mass-flow ratio

Calibrated mass-flow ratio at the rake
Tunnel used

Test number

Run number

I=1,615. Pressure coefficient data array

Same format as record Number l

3

etc.
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SECTION 4. ILLUSTRATED EXAMPLE

An example case is presented to supplement the card-by-card input instructions
in the hope that it will provide the user with a better understanding of the
capabilities of the MARK IVS Program. To demonstrate the use of the MARK IVS
program it is first necessary to have a configuration for which a pressure
distribution is available. This would normally be obtained from experimental
results, a process which in itself can involve considerable effort. To
simplify this process, a case for which the pressure distribution has
previously been calculated using the MARK IV Program was selected for the
example. This alleviates the burden of sorting through experimental data and
also serves as a basis to assess the accuracy of the MARK IVS spline-fitting
technique.

One of the simple wing-body configurations (aft mounted wing, t/c = 0.I0) of
Reference 5 is used for the present example. This configuration was used for
Sample Problem #3 of the MARK IV Program (see p. 212, Reference 2) and thus
the pressure distributions and total vehicle forces are already available.
As set up for the original MARK IV calculation, the geometry was assumed to
have been input and stored on a previous run and viscous as well as inviscid
calculations were performed. In the present example, only the inviscid
pressures are used and the problem is set up in its entirity: geometry,
input pressures, force calculations, and summations. The flight condition
for the example case is Mach 4.5 at 6° angle of attack, which is the third
condition of the original MARK IV problem.

The sample problem has been set up to run in the MARK IVS in two stages:
(I) geometry definition and load to Unit 4, and (2) pressure input, force
calculation, and component summations. This is the recommended procedure in

that it allows verification of the geometry before any attempt is made to

obtain the forces, the latter being the more expensive task of the two. It

is also strongly recommended that the geometry check be done with some

graphical or pictorial means. The illustrated example, while a relatively

simple configuration, has been constructed using a number of different options

to demonstrate the generality and flexibility of the MARK IVS Program. Of

particular importance in this regard, is the complete independence between the

geometry panels and the input pressure regions.

Geometry Definition

The configuration, designated lOIA, consists of a body with circular cross-

sections and an aft-located wing having a double-wedge airfoil section with

swept leading and trailing edges. Six panels have been used to define the

configuration as shown schematically in Figure 15. The attributes of these

panels are summarized in Table l and the complete card input required to
generate the configuration is presented in Appendix A. Dimensional data for

configuration lOIA are given in Reference 5. In both the MARK IV sample

problem and the present example, the geometry has been scaled to give the

body a length of lO0. A three-view of the computer generated configuration

is given in Figure 16. The body has approximately half the number of axial

rows (and thus half as many elements) used in the original MARK IV Program to
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FIGURE 15. CONFIGURATION IOIA GEOMETRY PANELS
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calculate the pressures. The wing, however, is set up identically to the

original MARK IV version. The printed output (shortened for convenience) for

the geometry generation are also included in Appendix A.

Pressure Input, Force Calculation, and Summations

Once the configuration geometry has been loaded onto Unit 4 and verified, the

calculation portion of the problem, or stage 2 can proceed. This could have
also been done in multiple passes since the results of each task are saved on

mass storage units for future access. That is, the pressure input and storage
on Unit lO could be accomplished separately. Once the input pressures were
verified the force calculation run could be made and the results saved on

Unit g for subsequent summations. In the present example, these tasks are

all completed during a single machine pass. A complete listing of the required

input cards along with selected output pages for the Stage 2 operation are

presented in Appendix B. Various annotations are included on these pages as

additional aids to the user. It is intended that Appendix B will be used in

conjunction with the following discussion and therefore, no further direct
reference to it will be made.

The problem is set up with three separate calls to the AERO Option. The first

loads the input pressure data to Unit lO, images this data to allow verific-

ation, and calculates the forces on all of the panels except the sixth. The

sixth panel, the area on the body covered by the wing, should have an opposite

contribution in the summation process. This is accomplished in the second

call to AERO by entering a negative value for the reference area. Finally,
the forces and moments for various combinations are summed during the third

call to the AERO Option.

Six flow regions have been defined for inputting pressures as shown in

Figure 17. The choice of flow regions, while arbitrary, should be selected

with regard to the variation in surface pressures anticipated. The present
example is for supersonic flight conditions (Mach = 4.5) and the flow regions

have been selected accordingly. Region l is the body forward of any wing

effects. Region 2 is the aft body and will include any wing interference.
The wing having a double-wedge or diamond airfoil shape naturally divides

into fore and aft regions on both the upper and lower surfaces.

The results from the original MARK IV included pressures calculated at 842
locations on the configuration. Since both the configuration and flight

conditions are symmetric (zero yaw), this refers to 842 locations on the
half-vehicle. Similarly, in the present example, pressures are input only

on one-half the configuration, and the complete vehicle forces are handled
via a symmetry flag. The choice of input locations was completely arbitrary

but has been done in a uniform manner. Of the available 39 axially located

rows on the fuselage, 12 (six in Region l and six in Region 2) have been used

with approximately every other point in a row for a total of lO points-per-row.

On the wing all the points in every other row starting with the second have

been used. The detailed identification of the input pressures is provided in

Table 2. The correspondence between the original MARK IV problem and the

present example is summarized in Table 3.
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FIGURE17. CONFIGURATIONl OIA FLOWREGIONS
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After the pressure data has been loaded to the flow field data Unit I0, it was
imaged to allow opportunity to verify that the data was loaded correctly. The
forces and momentsare calculated by componentwhich may be composedof one or
more panels. The geometry panels, in turn, may be subject to one or more flow
regions. Seven componentshave been defined for the present example as shown
in Table 4. Thus Panel l, the fuselage, is influenced by two flow regions and
has been accounted for as two components. The extent of a flow region is con-
trolled by the normalization parameters. In a similar fashion flow Regions 3
and 4 influence two geometry panels (the wing upper surface and the wing/body
fillet upper surface) which makeup Componentnumber 3. The remaining
componentsare similarly composed.

The third call to AEROis to obtain summationsof the force components in
various combinations. This is commonlyused to arrive at a componentbuild-up
of the forces and moments. In the present example, seven summationdata sets
are used to demonstrate combinations of both force componentsand previously
defined summationdata sets. Thesedata sets are listed in Table 5 along with
a comparison of the lift/drag ratios determined by the original MARKIV calcu-
lations and the present MARKIVS Program. The lift/drag ratio is very sensi-
tive to small changes in either the lift or drag and thus serves as a good
indicator of accuracy.

SummationData Set l combines Componentsl and 2, the forward and aft
fuselage portions, and thus represents the body alone. SummationData Set 2
is just the body area covered by the wing, Component7. SummationData Set 3
is the combination of Summationsl and 2, and is therefore the body alone less
the area covered by the wing. The wing surfaces are collected in Summations4
and 5 with the complete wing alone given by Summation6. Finally, the complete
configuration is presented in Summation7 by combining Summations3 and 6.
The difference in lift/drag ratios between the two programs is of the order of
0.1% for both the body alone and the complete wing alone. The body area
covered by the wing, Summation2, showsan inordinately large difference in
L/D of about 4%. This is particularly puzzling in view of the fact that this
is a simple four-element panel. However, it is just this fact that causes the
difference. The original MARKIV pressures were calculated using an impact
or local-slope method on both the body and the four-element area directly.

The present method obtains the pressure at the centroids of the four elements

by interpolation of the body pressures. Since the body is modeled with a much

more dense mesh of elements, it is not surprising that these pressures will

differ. It is concluded that the Surface-Spline Pressure-lnterpolation

Technique used in the MARK IVS Program is more than adequate.

i
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TABLE I. CONFIGURATION IOIA GEOMETRY PANEL CHARACTERISTICS

PANEL PANEL NUMBER OF
NO. ID ELEMENTS DESCRIPTION

1 B 342

WNGU

WNGL

67

67

WBU 11

WBL 11

C 4

BODY

ELLIPSE GENERATION

19 AXIAL ROWS, 18 ELEMENTS/ROW

WING UPPER SURFACE
AIRCRAFT GEOMETRY OPTION

6 SPANWISE ROWS, II ELEMENTS/ROW

(ONE DUMMY EACH ROW)
PLUS DUMMY STATUS 3 ELEMENT

WING LOWER SURFACE

AIRCRAFT GEOMETRY OPTION

6 SPANWISE ROWS, II ELEMENTS/ROW

(ONE DUMMY EACH ROW)
PLUS DUMMY STATUS 3 ELEMENT

WING/BODY FILLET, UPPER SURFACE
ELEMENT INPUT

l ROW, II ELEMENTS/ROW

(ONE DUMMY ELEMENT)

WING/BODY FILLET, LOWER SURFACE
ELEMENT INPUT

l ROW, II ELEMENTS/ROW

(ONE DUMMY ELEMENT)

AREA ON BODY COVERED BY WING

ELEMENT INPUT

2 ROWS, 2 ELEMENTS/ROW

I06



TABLE2. INPUTPRESSURES

a)

Row No

l

6

8

12

16

21

FORWARD BODY - Region l

ORIGINAL MARK IV ELEMENT NUMBERS

l, 3, 5, 7, 9, lO, 12, 14, 16, 18

91, 93, 95, 97, 99, lO0, I02, I04, I06, I08

127, 129, 131, 133, 135, 136, 138, 140, 142, 144

199, 201, 203, 205, 207, 208, 210, 212, 214, 216

271, 273, 275, 277, 279, 280, 282, 284, 286, 288

361, 363, 365, 367, 369, 370, 372, 374, 376, 378

b) AFT BODY - Region 2

Row No.

22

26

30

33

36

39

ORIGINAL MARK IV ELEMENT NUMBERS

379, 381, 383, 385, 387, 388, 390, 392, 394, 396

451, 453, 455, 457, 459, 460, 462, 464, 466, 468

523, 525, 527, 529, 531, 532, 534, 536, 538, 540

577, 579, 581, 583, 585, 586, 588, 590, 592, 594

631, 633, 635, 637, 639, 640, 642, 644, 646, 648

685, 687, 689, 691, 693, 694, 696, 698, 700, 702

c)
Row No.

2

4

6

UPPER WING FORWARD - Region 3

ORIGINAL MARK IV ELEMENT NUMBERS

12, 13, 14, 15, 16

34, 35, 36, 37, 38

56, 57, 58, 59, 60

d)
Row No.

2

4

6

UPPER WING AFT - Region 4

ORIGINAL MARK IV ELEMENT NUMBERS

17, 18, 19, 20, 21

39, 40, 41, 42, 43

61, 62, 63, 64, 65
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TABLE 2. INPUT PRESSURES (CONTD)

e)
Row No.

2

4

6

LOWER WING FORWARD - Region 5

ORIGINAL MARK IV ELEMENT NUMBERS

133, 134, 135, 136, 137

Ill, ll2, ll3, I14, I15

89, go, 91, 92, 93

f)
Row No.

2

4

6

LOWER WING AFT - Region 6

ORIGINAL MARK IV ELEMENT NUMBERS

138, 139, 140, 141, 142

ll6, liT, ll8, llg, 120

94, 95, 96, 97, 98

TABLE 3. CORRESPONDENCE BETWEEN ORIGINAL MARK IV CALCULATIONS AND
MARK IVS INPUT PRESSURES

FLOW REGION

NO. DESCRIPTION

1

2

3

4.

5

6

FORWARD BODY

AFT BODY

UPPER WING FORWARD

UPPER WING AFT

LOWER WING FORWARD

LOWER WING AFT

ORIGINAL MARK IV

GEOMETRY ELEMENTS
& PRESSURES

TOTALS

378

324

35

35

35

35

842

MARK IVS

GEOMETRY

ELEMENTS

198

144

35

35

35

35

PRESSURES

INPUT

60

60

IS

15

15

15

482 180
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TABLE4. CONFIGURATION.IOIA FORCECOMPONENTS

FORCE

COMPONENT

l

2

3

4

5

6

7*

GEOMETRY

PANELS

1

1

2,4

2,4

3,5

3,5

6

FLOW

REGION

l

2

3

4

5

6

2

DESCRIPTION

FORWARD FUSELAGE

AFT FUSELAGE

UPPER WING, FORWARD

UPPER WING, AFT

LOWER WING, FORWARD

LOWER WING, AFT

FUSELAGE AREA COVERED BY

WING

*SEPARATE ENTRY INTO AERO TO ALLOW NEGATIVE SREF.
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SECTION 5. DATA-STORAGE TECHNIQUES

Each major part of the MARK IVS Program makes use of data that has been

generated and stored by some other program component. The manner in which

these data are stored and retrieved is important both to the user and to the

programmer seeking to add some new capability to the program. The principal

concern for the user is that he know what is stored, and what sequence number,

pointer, etc., might be required as subsequent input data to retrieve it. The
primary storage units are tabulated below.

Unit

Number Name

l TAPEIN

2 TAPEB

3 TAPEA

4

5 TAPEIN

6 TAPEOT

7 TAPEG

8

g

lO

11 TAPEC

12 TAPEE

13 TAPEF

14 TAPED

15

16

17 TAPEH

18 TAPEI

Ig TAPEJ

usage

Copy of all input data.

Scratch unit.

Scratch unit.

Geometry-data storage (mass storage).

System input-data stream.

System output-print unit.

System punch-output unit.

Element-data geometry-data storage (Type 3 cards).

Force-data storage (mass storage).

Flow-field-data storage (mass storage).

Scratch unit.

Geometry data for interference usage.

Geometry data plus local-flow-field data.

Scratch.

Coordinates and pointers for Cp data (mass storage).

Cp data (mass storage).

YF-12A aero auto input (alpha case).

YF-12A aero auto input (beta case).

YF-12A input-Cp data for auto input.
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Unit
Number Name Usage

20 Case data - integrated forces, n_ments, and shears (mass
storage).

21 Surface-spline pressure-distribution data (mass storage).

Units 4, 9, lO, 15, 16, 20, and 21 listed above are identified as being "mass-

storage" units. That is, these units are used to store data along with the

necessary tags or pointers so that a given item can be retrieved directly
without using a sequential read. On the CDC machine this process is called
"mass storage". On the IBM machine it is identified as "direct-access"

storage. The CDC "mass storage" required an index variable to be dimensional-
ized equal to the number of records on the unit. IBM does not have this

requirement and thus suffers no penalty in terms of core required to accommo-

date large units (i.e., Units 4, 16, and 21). Reference to those units has

been recoded using the sub-index capability for the CDC System. Although the
two machines use different types of FORTRAN statements to write and read the

data, the general procedure is still the same. A pointer or tag must be set

or calculated by the program for each FORTRAN write statement. This pointer
or tag is the sequential nu_er of the record on the data set. The use of

the same tag number in a FORTRAN read will result in the proper retrieval of

the record. The specific data stored on the "mass-storage" Units 4, g, lO,
15, 16, 20, and 21 are described below.

Unit 4. Geometry Data

Unit 4 is the storage unit for geometry data generated in routine GEOM. The

unit normally contains both the input-element corner points plus all the

characteristics of the plane quadrilateral. When it is requested to do so,

the program will also store on Unit 4 the surface-property data calculated in

the FORCE routine and the hinge-moment factor calculated in the SHEAR routine.

Unit 4 has a master table of contents followed by the data for each element.

The unit is set-up and initialized in routine GEOM.

Record Word

Number Number

l l

Description

Configuration title (CONFIG from the Geometry-Control

Card).

1
2
3

NEXT, pointer to next empty record.

NP, number of PANELS currently stored.

NPMAX, maximum number of panels provided for in the
table of contents.

NREM, number of record spaces provided for use on

each element (set = 3 in GEOM).

NEHMF, elevon hinge-moment factor storage indicator.
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Unit 4. (Continued)

Record Word

Number Number

3 l

5

l

2

3

4

5

6

7

8
9

lO

II

12

6

8

9

lO

II

12

13

14

15

etc.

(NP*5)

(NP*5)+I

(NP*5)+2

(NP*5)+3

(NP*5)+4

Description

Pointer to next record after geometry-data storage

is complete.

Not used.

Panel #1 table array.

Panel number (ISTAT3 = l).

Panel name (PANEL from the Panel-Identification Card).

Record number of first element (ISTART).

Number of elements in the panel (L).

Panel orientation (IORN).

Symmetry flag (SYMFCT).
Number of columns of elements (N).

Number of rows in each column (I).

Panel number adjacent to side l of panel (NADJI).

Panel number adjacent to side 2 of panel (NADJ2).

Panel number adjacent to side 3 of panel (NADJ3).

Panel number adjacent to side 4 of panel (NADJ4).

Blank

Blank

Blank

Blank

Panel #2 table array, (same format as record-number 5).

Blank

Blank

Blank

Blank

Panel #3 table array, (same format as record-number 5).

Panel #NP (last panel loaded).
Blank

Blank

Blank

Blank
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Unit 4. (Continued)

Record Word
Number Number Description

(NPMAX*5)+I

(NPMAX*5)+2

(NPMAX*5)+3

(NPMAX*5)+4

Last panel for which space is provided
(NPMAX may be = NP if desired).

[(NPMAX+I)*5] Element #1. First available record for element data.

The array ELEM is written here in GEOM.

[(NPMAX+I)*5+I]

[(NPMAX+I)*5+2]

Pointer array (25 words) to where surface output data

is written by FORCE for input side of vehicle. First
word is for Ist :-B, 2nd for 2nd :-B, etc.
Same as above for reflected side of vehicle.

The data written on Unit 4 for each element are contained in the element-data

array, ELEM, in subroutine GEOM. As indicated above, the 25 word array ELEM

for the first element is written on Unit 4 at record number [(NPMAX+I)*5]. In

routine GEOM the next two records, [(NPMAX+I)*5+I] and [(NPMAX+I)*5+2], are

filled with 0.0 values. These records will be filled with live pointer data

in subroutine FORCE as indicated above. These pointers will give the location

of the calculated force data. We thus have three records per element on Unit 4.

The element data array, ELEM, contains the following information:

ELEM(1) = L

ELEM(2) = N

ELEM(3) = I

ELEM(4) = NX
ELEM(5) = NY

ELEM(6) = NZ

ELEM(7) = XCENT

ELEM(8) = YCENT

ELEM(9) = ZCENT

ELEM(IO) = AREA

ELEM(II) = XIN(1)
ELEM(12) = XIN(2)

ELEM(13) = XIN(3)

ELEM(14) = XIN(4)

ELEM(I5) = YIN(1)

ELEM(16) = YIN(2)

ELEM(17) = YIN(3)

ELEM(18) = YIN(4)

ELEM(19) = ZlN(1)

ELEM(20) = ZIN(2)

ELEM(21) = ZIN(3)

ELEM(22) = ZIN(4)

ELEM(23) = HMF

ELEM(24) = 0.0
ELEM(25) = 0.0

Element number.

Col umn number.
Row number.

X-component of unit normal.

Y-component of unit normal.

Z-component of unit normal.
X-coordinate of element centroid.

Y-coordinate of element centroid.

Z-coordinate of element centroid.

Element area.

X-coordinates of input element corner

points.

Y-coordinates of input element corner

points.

Z-coordinates of input element corner

points.

Elevon hinge-moment factor.
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Unit 4. (Continued)

When directed by the input parameter ISAVE subroutine FORCE will write certain

results from the pressure and force calculations out on Unit 4. These surface-

property data are in the form of single records containing the array El in

FORCE. Since up to 20 _-B conditions can be analyzed on a pass into FORCE,

pointers are required on Unit 4 to indicate where each El record is written.

These pointers are written in the vacant record locations provided right

behind the original element-data record, ELEM, for each element. The surface-

property data contained in the array El in FORCE are as follows.

El(1) = IG4
El(2) = E(I)
El(3) = 0.0
El(4) = 0.0
E1(5) = CP
El(6) = DELTA
El(7) = MACH
El(B) --SX
EI(9) = XY
El(10) = SZ
El(ll) = BS(2)/PFS

El(12) --BS(3)/TFS

El (13) = DELCA

El (14) = DELCY

EI(15) = DELCN

El (16) = DELCLL

El(17) = DELCLM

El (18) = DELCLN

EI(19) = 0.0

El (20) : 0.0

El(21) = 0.0

El (22) = 0.0

El (23) = 0.0

El (24) = 0.0

El (25) = 0.0

Pointer to original element data on Unit 4.
Element number.

Shear.

Element-pressure coefficient

Element impact angle

X-component of surface unit-velocity vector.

Y-component of surface unit-velocity vector.

Z-component of surface unit-velocity vector.

Local pressure divided by freestream

pressure
Local temperature divided by freestream

temperature.

ACA

ACy

ACN

AC_

AC m

AC n

The total numper of records that can be stored on Unit 4 is controlled by the

pointer-array size provided for in the MAIN program. In the MARK IVS release

of the program this was set at 20,000 records. A check is made in routine
FORCE to prevent the storage of more than this number of records. Thus, the

total number of elements that can be analyzed at one time depends upon whether

or not surface-property data are saved.

The total number or record spaces required on Unit 4 is given by the following

relationshi p.

Ltota I = 4 + NPMAX*5 + Lmax*3 + Lsave
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Unit 4. (Continued)

where

NPMAX=

L_x =

Lsave =

Maximum nun_er of panels provided for on the unit (input
on the Geometry-Control Card).

The total number of elements for all panels.

The total number of elements for which local surface-

property data will be saved in routine FORCE. Must include
the total element count for both sides of the vehicle if it

is yawed and the symmetry reflection process is used.

Unit 9. Force-Data

Unit 9 is used to store component-force data generated in the invicid routine

PRES. Unit 9 contains a table of contents followed by the data for each
vehicle component.

Record Word

Number Number Description

NTOT, total number of components.
ISUM, total number of sun:nations.

NEXT, next empty record space.
TITLEg(1) = IOHFORCE DATA for CDC.

= 4HFORC for IBM.

TITLE9(2) = IOHSAVE UNIT for CDC.

TITLE9(3) =

TITLE9(4) =

TITLEg(5) =

= 4HE DA for IBM.

blank for CDC.

= 4HTA S for IBM.

blank for CDC.

= 4HAVE for IBM.

blank for CDC.

= 4HUNIT for IBM.

l

2-41
Identification flag for component data.
LCOM, pointers to location of component data (80

total, 41 through 80 stored at record-nun_er 5).

l

2-41

Identification flag for summation data (=0.0 for

force data only).
LSUM, pointers to location of summation data (40

total).
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Unit g. (Continued)

Record Word
Number Number

4 l

2

3

4

5

6

7

8

9

I0

11

12

13

14

5 1-40

6-9

10

l

2-11

II l

2

3

etc.

22

23

etc.

41

12

l

2

3

4

5

6

7
8

Description

Mach, freestream Mach number.

V, freestream velocity.

RENO, freestream Reynolds number per foot.
ALT, altitude.

PSTAG, stagnation pressure in atmospheres.

TSTAG, stagnation temperature.

GTYPE(1), gas type name.

GTYPE(2), gas type name.

SREF, reference wing area.

SPAN, reference span length.

MAC, reference mean aerodynamic chord.

XCG, X-location of cg.

YCG, Y-location of cg.

ZCG, Z-location of cg.

LCOM(I), I = 41, 80

Not used.

Force-data table of contents for Ist component
(record number is = LCOM(1) = lO).

Component number = I.

IPANL array, .panel numbers used to make up this

con@onent.

NAB, number of _-B sets.

Value of e for Ist e-B set.

Value of _ for 2nd _-B set.

Value of B for Ist _-B set.
Value of B for 2nd _-S set.

Force data for Ist component at Ist _-B.

The array F in routine PRES.

F(1) =
F(2) = CD

F(3) = CL

F(4) = CA

F(B) = Cy

F(6) = CN
F(7) = S

F(8) = CL/C D
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Unit 9. (Continued)

Record Word
N_er Number Description

9 F(9) : Cm

lO F(lO) : Ca

II F(ll) = Cn

13 l-ll Force derivatives for Ist component at Ist :-B.
Not used.

14 l-ll Force data for Ist component at 2nd :-B. Array F.

15 l-ll Force derivatives for Ist component at 2nd :-B.
Not used.

16 l-ll Force data for Ist component at 3rd :-B. Array F.

17 I-II Force derivatives for Ist component at 3rd :-B.
Not used.

etc.

The above storage process starting with record lO is repeated for each vehicle

component. The starting record number for each component is placed in the LCOM

array that is stored in Record-Number 2. The pointers to summation-data sets

are placed in LSUM and stored in Record-Number 3. Normally, Record-Number 4

containing the Mach number and other data is based on the last component placed
on the unit.

Unit lO. Flow-Field-Data

Unit lO is the most complex of the mass-storage (direct-access) units used by

the program. Although Unit lO is called the FLOW FIELD Unit (and is used for

many purposes in the MARK IV program), it is used in the MARK IVS program to

store the input surface-pressure-coefficient data. The unit contains a number

of directories and tables that hold not only basic-identification information,

but pointers that provide storage-location-record numbers pointing to lower-

level directories and the various types of data.

The general format of Unit lO is shown in Figurela Starting with the Master

Directoryat the top we see that it contains a set of 5 pointers in the array

IMTAB. These point to what are called major-data sets. For example, each set

could be for a completely different vehicle or for a different Mach number for
the same vehicle. Each of these sets has a Set Directory containing the Mach

number and a pointer array, LOAB, pointing to a different lower level directory

for each _-B combination. In turn, each _-B Directory has pointers, LORG, that

point to the Region Directories. The Region Directories contain some basic-
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Unit I0. (Continued)

flag and interpolation parameters plus a set of pointers used to reach and

retrieve data in the still lower-level sub-regions and secondary-flow-field
tables.

The basic format for each of the directory tables is listed below.

Record

Number Des cri pti on

Master Director_,

TITLEM = Unit title (lO words).

IMTAB(1) = Number of separate data sets stored on the
unit (NDSET).

IMTAB(2) = Pointer to next empty record (LCNEXT).

IMTAB(3) = Empty

IMTAB(4) = Empty

IMTAB(5) = Pointer to start of Ist set = LOSE[

IMTAB(6) = Pointer to start of 2nd set = LOSET

IMTAB(7) = Pointer to start of 3rd set = LOSE[
IMTAB(8) = Pointer to start of 4th set = LOSE[

IMTAB(9) = Pointer to start of 5th set = LOSE[

I).
2).

5).

LOSE[

Empty

Set Directory (First set is at record-number 4).

TITLES, MACH, NAB (number of :-B sets).

LOSET+I LOAB array pointers to _-B sets.

LOSET+2 Empty

LOAB

_-B Directory

TITLEA, ALPHA, BETA, NREG (numbers of regions).

LOAB+I LORG array pointers to Region Directories.

LOAB+2 Empty

Regi on Director},

LORG TITLER

NSREG = Number of sub-regions.

IDTYP(1) = Data-type flag.
= l flow-fiel d data.

= 2 surface-property data.
= 3 streamline data.

= 4 shock-shape data (not used at present

time).
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Unit lO. (Continued)

Record

Numbe r

LORG+I

LORG+2

LORG+3

LORG+4

LORG+5

LORG+6

etc.

LORG+(4+NSRG)

Description

Region Directory (Continued)

IDTYP(2) = Uniform - non-uniform flag.
= l uniform flow-field data.

= 2 non-uniform data.

ITFLAG Not used.

XO, YO, ZO, PSIO, etc.

PHI or YPA (not active).

PHI or YPA (not active).

Empty

Pointers for sub-region #1.
LOFF, IFC, LOCD, IFD, LOSF.

Pointers for sub-region #2.
LOFF, IFC, LOCD, IFD, LOSF.

etc.

Pointers for last sub-region (NSREG).

Unit 15. Coordinates and Pointers for Cp Data

Unit 16. Cp Data

Units 15 and 16 are used together to store coordinate data and interpolated

Cp data for subsequent access by a plotting program. The coordinate data is

arranged as contours or rows on the vehicle surface and must have been loaded

and stored on Unit 15 prior to a MARK IVS run. The interpolated Cp data are

stored on Unit 16 while the directories or pointers to this data are stored

on Unit 15. Units 15 and 16 are used if the parameter IPLTCP_O on the Aero-

System Title and Control Card.

121



Unit 15. Coordinates and pointers for Cp data. -

Record

Number

2

3-4

5-6

7-8

9-I0

I1-12

13-20

21

22

23

24

25

26-30

31

32

Word

Number

l

2

3
4

5

6

1-200

1-200

1-2O0

1-200

1-200

l-lO0

l-lO0

l-lO0

l-lO0

l-lO0

I-4

5-8

9-12

13-16

Description

Title, Unit 15 title.

NROW, number of rows stored.

NEXTC(_, pointer to next empty row - coordinate record.
NRUN, ntmber of runs stored.

NEXTRN, pointer to next empty run - parameter record.

NEXTRW, pointer to next e_ty row Cp-data-pointer
record.

NEXTCP, pointer to next empty row Cp-data record
(Unit 16).

Blank•

IDRW, row ID-nu_er directory.

ITYP, row type-flag directory•

INRW, number of points per row directory.

IRUL, upper/l ower surface-fl ag directory.

IPC_, pointers to row-coordinate data.

Blank.

IDRN, run ID-number directory•

NCRN, number of correlation-run directory.

IRNP, pointers to correlation-directory table.

FMACH, run Mach-number directory.

AMPB, by-pass mass-flow-ratio directory.

Blank•

First-run ID-directory table•

IDCN, correlation ID-number directory.

IRWP, pointers to the row Cp-data-pointer directory.
ALPHA, angle-of-attack directory.

BETA, sideslip-angle directory.

Second-run ID-directory table (same format as record-
number 31 ).
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Unit 15. (Continued)

Record Word

Number Number

130

131 -132 1-200

133-I 34 1-200

135-I 36 1-200

137-I 38 1-200

Description

Hundredth-run ID-directory table (same format as

record-number 31 ).
Data Pointers For First Correlation Stored.

IRCP, pointers to the Cp data.

IRCT, row count of Cp-data-saved directory•
Data Pointers For Second Correlation Stored.

(Same format as first correlation stored).

(Same format as first correlation stored).

c

1327-I 328 1-200

1329-I 330 1-200

1331-2000

Data Pointers For The Hundreth Correlation Stored•

(Same format as first correlation stored).

(Same format as first correlation stored).

Row-coordi nate data.

l=l, INRW

X(I), X-row coordinate.

Y(I), Y-row coordinate•

Z(I), Z-row coordinate•

I_(I), point-type input/output

IP(I), panel number.

Note: IBM - Five words per data point and twenty

data points per record. If the number

of points is greater than twenty, then

the program will span the next record.
Each row starts on a new record.

CDC - Five words per data point and one row

per record• The length of each record

is: Length = INRW* words.
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Unit 16. Cp data. -

Record Word

Number Number

1-92720

Des cri ption

Interpolated Cp data.

Note: IBM - Twenty data points per record. If the

number of points is greater than twenty,

then the program will span the next
record• Each row starts on a new record.

CDC - One row per record. The length of each

record is: Length = INRW words.

Unit 20. Case Data-lntegrated Forces, Moments, and Shears

Unit 20 is used to store the vehicle forces and moments, the shears, bending

moments, torques, and elevon hinge moments for subsequent access by a plotting

program. Unit 20 is used if the parameter ISVFMS_O on the Aero-System Title

and Control Card and the data are saved in the Shear Option• The vehicle

forces and moments are retrieved from the Force Data Storage (Unit 9) and thus
must have been previously saved (ISAVE=O ,l on the Pressure Title Card)•

Record Word

Number Number Description

l

2

NEXRUN, pointer to the next empty space in the IRUNID

array•
NEXDAT, pointer to the next empty data record.

2 Blank•

3 1-216 IRUNID, run ID-nuni_er directory (for IBM - IRUNID

will span the next record - I08 words per record).

5 1-216 NCORR, number of correlations directory (for IBM -

NCORR will span the next record - I08 words per

record).

1-108 ICORID, first correlation ID-number directory•

28 1-108 ICORID, 22nd case-data-pointer directory.

29 1-I08 IDAPT, first case-data-pointer directory.
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Unit 20. (Continued)

Record Word
Number Number

50 l-f08

51 l

2

3

4-14

15-I08

52 1-108

llSO 1-108

Des cri ption

IDAPT, 22nd case-data-pointer directory.

IRSQ, run sequence number•

IAB, alpha-beta flag.
EMACH, run Mach number.

Force data F-array.

Shears, bending moments, torques, and elevon hinge

moments (see subroutine SHEAR for details).

Same format as record-number 51.

Same format as record-number 51.

Unit 21. Surface-Spline Pressure-Distribution Data

Unit 21 is used to store the surface-spline definitions and coefficients for

each of the pressure regions. This includes all the normalization parameters,

boundary definitions, normalized coordinates used to define the fit, and the

spline coefficients necessary to recreate the pressure distribution. Unit 21

is used if ISVSPL#O on the Aero-System Title and Control Card. This is a

special option which provides the capability to determine the pressure at any

arbitrary point on the vehicle, subsequent to the MARK IVS run, without having

to redetermine the spline fit. Since all of the test conditions analyzed for

the YF-12A were saved, the unit is very large.

The format of Unit 21 is very complex, consisting of set locations for direc-

tories and a "free form" for the data storage• For efficiency, the region

definitions are saved only once and as they occur during execution of the

MARK IVS. Consequently, the first portion of the unit has, in addition to the
set directories, coordinate and spline-coefficient-data storage intermixed•

Eventually, after all the regions have been considered, the information stored

will be wholly spline-coefficient data.

Record Word

Number Number Description

Master Directory:

l l NEXPAN, pointer to next empty record available for

storing Region definitions.

NUMPAN, nunWoer of Region definitions stored.
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Unit 21. (Continued)

Record Word
Number Number Description

NEXSPL, pointer to next empty record for storing
spl ine-coefficient data.

NUMCOR number of correlations stored•

Region Directory:

2 1-72 IPAN, Region ID number.

4 1-72 IPDP, pointers to Region definitions•

IPAN(I) gives the Region ID number and the correspond-

ing IPDP(I) gives the record nLnnber where the Region
definition is stored. Provision for 72 regions (for

IBM-36 words per record, IPAN and IPDP will span the
next record)•

Region Definitions: Records 6 through 149 are provided for storing the

Region definitions. IBM requires two records per

Region (144 total for 72 regions). A new Region
always begins with an even record number.

6 1-48 IC(_P, IC, IN_)RM, ISURF, IX, IY, IZ, UI, UL, VI, VL,

CR, CT, CHX, N2, N3, XI_, Y(_, Z_, APII, API2, API3,

AP21, AP22, AP31, AP33, XB(1), XB(2), XB(3), XB(4),
YB(1), YB(2), YB(3), YB(4), ZB(1), ZB(2), ZB(3),

ZB(4), BX(l,l), BY(l,l), BX(2,1), BY(2,1), BX(I,2),
BY(I,2), BX(2,2), BY(2,2).

8 1-48 Same as record-number 6.

148 1-48 Same as record-number 6.

IC_P is the pointer to the Region-normalized-
coordinate data and IC is the number of coordinates•

The remaining parameters may be determined by refer-
ence to subroutine SFNTR2.

Correlation

Directory: Corelation number was used in the YF-12A study to

designate a particular test condition• This directory

uses three variables to identify the correlation

number, ICID(J), to give the record number of the

Spline-Pointer Directory, ICPP(J). Provision pro-

vided for 1260 correlation numbers (IBM requires 35
records for each variable)•
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Unit 21. (Continued)

Record Word

Number Number Description

Correlation Directory: (Continued)

150 1-1260 ICID

185 1-1260 ICPP

220 1-1260 IBTA

The remaining records of Unit 21 are in a "free-form" format. The first

available record is number 255 at which location the Spline-Pointer

Directory, IPSPI, for the first correlation number will be located. If

this is a beta case (IBTA=I), a second Spline-Pointer Directory, IPSP2,
will be stored in the next location (record-number 256). Record-number

257 will contain the normalized-coordinate data for the first Region.

This will be followed by the spline-coefficient data for the first corre-

lation number associated with the first Region. Data storage at subse-

quent locations is entirely dependent on the MARK IVS run. Normally,
normalized coordinates for the second Region will be the next data stored.

255 1-36 IPSPI, spl ine-pointer directory.

256 1-36 IPSP2, second spline-pointer directory for beta case

(IBTA=I).

The location of the IPSPI array is given by ICPP(1).

257 Normalized coordinates for first Region: IC pairs of

XI, YI coordinates.

This location is given by IC_P(1).

The number of records required is:

CDC, NCREC = l

IBM, NCREC = (2"IC-I)/36 + l

257+NCREC Spline-coefficient data for first correlation and
first Region: NC, N3, IPNSEQ, FLOWC(5), (IG(L),

L=l, NC), (B(M,5), M=l, N3).

This location is given by IPSPl(1).

The number of records required is:

CDC, NSREC = l
IBM, NSREC = (NC+N3+I2-1)/36 +l
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Unit 21.

Record
Number

257+NCREC
+NSREC

etc.

(Continued)

Word

Number Des cri pti on

Normalized coordinates for second Region.

location is given by IC(_P(2).

This
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APPENDIXA

ILLUSTRATEDEXAMPLEGEOMETRYDEFINITION

This section provides a listing of the card input required to set up the
geometry for Configuration lOIA used in the illustrated example (Section 4).
The listing is output by the program (INMONT= O) and only the first card
in each job, the Executive-Flag Card, is not included. It should be added to
the deck in any attempt to recreate the run from these listings.

Each page of the input listing contains a header which includes two lines
indicating the card columns. Identification of several of the card types
has been added on the right-hand margin. The input listing is given on the
first three pages. The remaining pages present selected portions of the
printed output from the geometry definition stage. Various annotations are
given on the right-hand margin of these pages as additional aids to the user.
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APPENDIX B

ILLUSTRATED EXAMPLE PRESSURE INPUT, FORCE CALCULATION, AND SUMMATIONS

This section provides a listing of the card input required to input surface

pressures, calculate the forces, and perform the summations for Configuration

lOIA to duplicate the results of the illustrated example (Section 4). The
listing is output by the program (INMONT = O) and does not include the

Executive-Flag Card. This card should be added to the deck in any attempt

to recreate the run from the listing. Further, the input assumes the

geometry has been previously loaded and stored on Unit 4 (Appendix A).

Each page of the input listing contains a header which includes two lines

indicating the card columns. Identification of several of the card types has

been added on the right-hand margin. The input listing is given on the first

seven pages. The remaining pages present selected portions of the printed out-

put. Various annotations are given on the right-hand margins of these pages as
additional aids to the user.
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APPENDIX C

OVERLAY STRUCTURE AND GO-DECK SETUP

I. OVERLAY STRUCTURE

The original MARK IV Program used the FORTRAN overlay features for normal

operation. The present stripped version, MARK IVS, follows the original

overlay structure very closely. The subroutines and links no longer required
have been removed, and the new routines (INPUT, SHEAR, and HNGFT) have been
added.

CDC Overlay

OVERLAY (MARK4,0,O)

MAIN, HEADER, MONITR, ARCOS, ARSIN

OVERLAY (MARK4,1,O)

GERM, PUNCH

OVERLAY (MARK4,1,1)
IELE

OVERLAY (MARK4,1,2)
ELLIP

OVERLAY (MARK4,1,3)
CUBIC

OVERLAY (MARK4,1,4)

AIRCFT, SURF, NACEL, FUSE, STATS3

OVERLAY (MARK4,2,0)

AER_, SOLVIT, GETT, SAVE, ROWFMI, ROWFM2, MISl

OVERLAY (MARK4,2,1)

FLgW, FFSURF

OVERLAY (MARK4,2,2)
INPUT

OVERLAY (MARK4,2,3)

PRES, FORCE, CPINPT, VALU2, SFNTR2
OVERLAY (MARK4,2,5)

SPEC, SUM

OVERLAY (MARK4,2,7)
SHEAR, HNGFT

IBM Overlay
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CV=_L_Y ALPHA

I_S=P__. rLIC'HT,r_S:_.,,_ ,FS._.,_EF,_D,_T_,pLCTCp,INDATA
I_'_SPT cAVSDL,C,_)ATA,F_RR_Y,_DATA
?V'--'PLLY £=T _.

TNS_PT PLP, W,P=SDRr
I_ERT gP!_L3

FVC_L_,y _-TA

f"V_TP L _V i?- T-_
• , - ...,.... -: PCT= C=NTR_,

_"$'_,_, . _w_'_.,'.*tel.., _ClVT-,u_,[,S,_VP,GFTT,SU_j2... , _ .
"V :_ L :.v R=T_

TNCCuT c.._ _ C , S L;'.,
_Vrl_l ,_y _._ T.%

II. IBM G_-DECK SETUP

An example set of JCL cards for operation of the MARK IVS Program in IBM 360
and 370 computers is given below.

// CX'-C Fq_,u=C. IrN=30")Y

11 r,._.._TO I _0 )I _r) !)_N=_TP.. _, U_I T =S V.Cf_A, Cp_c E= (_RK , ([0 ,5) ) ,
/I JCP :1 _ =C F'4=F, LR ,r:CI_:80 ,B! KCl 7_E:80)
//_-_._TF) 2=001 DO 9SN=_FTC)2,UN! T=SY_DA,£PAC==(TRK,(IO,5)),

I/GR.=T03_'O01
/ / r,_. c-TO@cO D 1
II
II
II
I!
11 Gq. _=TJ7=OD |
II Gn, _T08=03 _.
//
IIC',_ ,_TOC.:3] t
II
It
I/
II
IIG_._TtOFOJI
//
/I
//
//
//GO, =T I l_n_t
//
IIG(_. =T 12-0.] [
I/
11c, n°FT13COOt
II
/IF.n, =T I 4_:n_.)!
//
II C,n. c_ ] 5_0;) 1
//
II
II
/IG_ .FT 16=0 .) 1
//
I/
//
I / GT_.. =T I 7_00 ].
//.r,o. cT t 8r03 ]
IIGm, =T tc=O ") l

ft.r) F_tjMM Y
_n r)¢:,,_=O,,,_.EO'_5._N$._t0] .C-_O '_,
c_-_CE={133,(7C3C) ),
IJN ] "r = 3 _5__ 1 ,
_C_=(_IJ_N'.!=I,_,SP!.'_=O& ),
_]Kn=( SH_, PASSI , VCL =S.F'c =C _t_,_O
ED r' U _ i4Y
!_,P.P_=F,F_Cg,IJNIT=Sysq_,SP_,C..C=IT=K,(25_5)) ,

rP, Uq_,=t...-_C .To._5..ONS._ ICI.F_°CF_,
_P_CC: (16_, ( =]O ) ) ,
IlK! I T =.". ? _ C-- ] ,
PC ._-- IRI.,FNn = t, J ___ .C;=D& ),
OI_P=ISHk,PASS) ,V_3L=SEF=C _.L_O
_.P nS_,I=D_C.=OHS.3NS.AtCI.F=IELD,
SPAC_=(LCO,(P,)OJI l,
UNI'=333C-I ,
I_.C_=(P UF NO=I , 3S0 ° G=,F).A) ,
91SP=(£NR,PASS) ,VOL= SE,_ =S SLr_30
_D OSW=£CTII,IPATr=SYSO_'-,._P.{CF=(T#K,(IO,5)) ,
_.C_=(B!IFNF]=I,_LK_I. ZE=E467,_EC__=VRS)
r-p _Sh!=r,r. TI2,_JNIr=S_SOA,SpAcc=(TRK_([0,5) I ,
DC#=( £UF
90 9 S_,i=&
_]CP,= [nlJF
On DSN=&

DO OSN=_

_C'r_= ( £IjF
t_N I'r=_Y S
DD DSN=_
_P_CF=(8
rJr Ft= ( p [JF
UH I T= ._YS
r q. DUmMy

N_.=I,_LKSI lF=E447,:CCP_:VBS)
_TIJ,tlNT T:SYSO_-, SP^r :: (Tr"K_ (I0,5)) ,
X_: L, _LKST __E=6q4"I,P =._.r _= VR._ )
:TI4,'.JNIT=SYSOA,SPAr.c.=[T_K, (10,5)) ,
N]=I,BLKR[ .?_=_447,R:CF_=VB$)
:r15,

OA
=r16,
3, (50JO}),
NO=I,i) SO_G:I?'A ),
.)A
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IIG_o_T2OFOOI
II
l/
II
llGrJ,C:T2 IFOOl
II
II
II
/iGf_oCT221:O:)!

II
IIGO.SYS T"I
I*
II

DO D.N=_CT20,
SPACE=I43.?_,(!L5)},
DC_,= (BtJFNF'J= I.,PSC_ G=I]A ) ,
tJN!T=SYSOA
OD OS_:_FT21,
Kn_CE=(L44,( L,")34} l,
DC r_- (P_tJFN,"]=1,9SnRG--DA ),
UNr T=sYSr_A
ED OUMvY
CO r]Sh_:&r:TFJS,UNT':SYSt')A,SP_,CE=(T_K, (5,1) 1,

[],-'),
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APPENDIX D

PROGRAM LISTINGS

This part of the report contains the source card listings for the MARK IVS

Mod 0 Version of the Supersonic-Hypersonic Arbitrary-Body Program. The

listing as presented here is for the CDC version of the program and is
written in FORTRAN for the CDC FTN compiler.

In this listing all cards that are peculiar to the CDC version of FORTRAN are

identified by a C in card column 80. All cards that are peculiar to the

IBM FORTRAN IV compiler are identified by an I in card column 80 and a C in
card column I. In other words, the code for both CDC and IBM machines is in

the deck but the IBM cards are made inactive by converting them to comment
statements (C in card column l). Since all of the machine dependent cards

are identified by an I or C in card column 80 it is a simple matter to convert

the deck from one version to the other with a small conversion program. When

converting from CDC to IBM code this conversion program reads and copies each

card to a storage unit. If a card has a C in card column 80, then a C is

written into card column l to make the CDC peculiar card inactive. If a card
has an I in card column 80, then the C is removed from card column l and the

card image written to the storage unit as an active FORTRAN statement. The
conversion from IBM back to CDC is made in a similar manner.

The conversion program to convert the deck from CDC to IBM FORTRAN is listed
below (for use on an IBM machine).

20

lO0

300

DIMENSION DATA(22)

DATA CB,CC,Cl/IH ,IHC,IHI/
REWIND Ig

DO lO0 I=l, 20000

READ (5,20,END=300) DATA

FORMAT (IAl ,IgA4,1A2,1Al )

IF (DATA(22) .EQ. CI) DATA(1) = CB

IF (DATA(22) .EQ. CC) DATA(1) = CC

WRITE (Ig,20) DATA
CONTINUE

STOP

END

This program places the new deck with IBM cards made active, and CDC cards
inactive, on to Unit 19. The references to Unit 19 above can be changed to

Unit 7 to punch the deck out.

An index for the subroutine listings is provided on the next page. Except

for the Executive Main which is listed first, the subroutines are in

alphabetical order.
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• I

ROUTINE NAME

MAIN

AERO

AIRCFT

ARC_S
ARSIN

CPINPT

CUBIC

ELLIP
ER_R

FFSURF

FLOW

FORCE

FUSE

GErM
GETT

HEADER

HNGFT

IELE

INPUT

MISl

MONITR

NACEL

PRES

PUNCH

ROWFMI

ROWFM2

SAVE

SFNTR2

SHEAR

SOLVIT
SPEC

STATS3

SUM

SURF

VALU2

INDEX TO SUBROUTINE LISTINGS

DESCRIPTION

MARK IVS Program Executive Routine

Aerodynamic Analysis Executive Routine

Aircraft Geometry Executive Routine
Arc-Cosine Conversion Routine (CDC)

Arc-Sine Conversion Routine (CDC)

Pre-Processor for Surface Data

Parametric Cubic Routine

Elliptical Cross-Section Routine

IBM ABEND Dump Routine
Surface Data Transfer Routine

Flow Field Analysis Executive Routine
Force Calculation Routine

Fuselage Geometry Generation Routine

Geometry Data Preparation and Control
Data Retrieval Routine

Page Header Subroutine

Calculates Hinge-Moment Factors
Element Data Transfer Routine

Automated Aero Input Routine

Matrix Solution Routine

Input Data Read and Print Routine

Nacelle Geometry Generation Routine

Pressure Calculation Executive Routine

Element Data Write Routine

Matrix Formation Routine for SOLVIT

Matrix Formation Routine for MISl

Data Save Routine

Surface Spline Definition Routine
Shear Calculation Routine

Matrix Solution Routine

Special Function Executive Routine

Dummy Zero-Area Element Routine
Force Data Summation Routine

General Airfoil Surface Routine

Spline Interpolation Routine

DECK ID

MAIN

AERO

AIRC

ARCO

ARSI

CPIN

CUBI

ELLI

EROR

FFSU

FLOW

FORC

FUSE

GEOM

GETT

HEAD

HNGF

IELE
INPT

MISI

MONI

NACE

PRES

PUNC

ROWI

ROW2

SAVE

SFN2

SHEA

SOLV

SPEC

STAT

SUM

SURF

VAL2

PAGE

226

230
244

254

255

256

270

277

284

285

293

300

309

313

326

327

328

334

336

345

349

35O

353

363

365
367

369

370

381

396

406

407

408

415

423
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